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Abstract .0% v 

From a solution of a Schrodinger-type wave equation with a nonradiative boundary conditio^jyfen Maxwell's equations. 
Mills solves the hydrogen atom, the hydrogen molecular ion, the hydrogen molecuU^fijl pT%icts corresponding species 
having fractional principal quantum numbers. Atomic hydrogen may undergo a caT&tjf reaction with cenain atomized 
elements and ions which singly or multiply ionize at integer multiples of the potential efSjro of atomic hydrogen, m27.2 eV 
wherein m is an integer. The reaction involves a nonradiative energy transfertffc^i a hydrogen atom H( }/p) lhat ts lower 
in energy than unreacted atomic hydrogen that corresponds to a fractional']^ number (n= \/p = l/integer 

replaces the well known parameter n = integer in the Rydberg equation te»y*t^«cited states). One such atomic catalytic 
system involves argon ions. The reaction Ar + to Ar + has a net tntifcfit jMxton of 27.63 eV, which is equivalent to 
m = 1 Thus, it may serve as a catalyst to form H({). Also, me^ofifiD^tion energy of helium is 54.4 eV; thus, the 
ionization reaction of He + to He 2 * has a net enthalpy of reajSo^pf 3& eV which is equivalent to 2 x 27.2 eV. The 
products of the catalysis reaction H(±) may further serve aJ^tarys%to form H(J) and H{\). H(l/p) may react with a 
proton to form an excited state molecular ion H;(l/^) + f>at ha* a bond energy and vibrational levels that are p' times 
those of the molecular ion comprising uncatalyzed atoAiclfcto* where p is an integer. Thus, the excited state spectrum 
of H;[/t= 1 *' = 2f was predicted to comprise rojffio^y ISfoa^ed vibrational transitions at 1.185 eV increments lo the 
dissociation 'limit of Hi[n - J )♦ . Eo = 42.88 e^^nj^xtremc ultraviolet spectroscopy was recorded on microwave 
discharges of argon or helium with 10% hv Jog&jn & range 10-65 run. Novel emission lines assigned to v,brational 
transitions of HJ[« = J;V = 2f were obse^&J thtfrange with energies of ol.ISS eV, p= 17-38 lhat terminated at about 
28 9 nm In addition, fractional niolecu^rafe^«>tationa] transitions were assigned to previously unidentified lines in the 
Solar coronal spectrum thai rratched 'ffl^^predictions to five figures. © 2001 Published by Elsevier Science Ltd on 
behalf of the International Assoc££iyor^drogen Energy. 



1. IirtrodocrkMi 



/./. Backgrou^ 

J J. Balrr%sho%d in 1885 lhat the frequencies for some 
of the lines ofert^ed in the emission spectrum of atomic 
hydrogen could be expressed with a completely empirical 



relationship. This approach was later extended by J R. Ry- 
dberg, who showed that all of the spectral lines of atomic 35 
hydrogen were given by the equation: 



•-'(H)' 



(I) 



' Corresponding author. TeL: +1-609-490-1090; fax: + 1-609- 
490-1066. 

E-mail address: rmills@bIacklightpower.com (R.L. Milb). 
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Pll: S0360-3l99(OI)OOI45-8 



where R= 109,677 cm' 1 , n r = 1,2,3 m = 2,3,4 

and /r, > m . 

Niels Bohr, in 1913, developed a theory for atomic hy- 
drogen that gave energy levels in agreement with Ryd- 
berg's equation. An identical equation, based on a totally 

behalf of the International Association for Hydrogen Energy. 
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different theory for the hydrogen atom, was developed by E. 
Schrddinger, and independently by W. Heisenberg, in 1926 

e> 13.598 eV 
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1=1,2,3, 



(2a,b) 



where oh is the Bohr radius for the hydrogen atom 
(52.947 pm), e is the magnitude of the charge of the 
electron, and eo is the vacuum permittivity. Based on the 
solution of a Schrddinger-type wave equation with a nonra- 
diative boundary condition based on Maxwell's equations, 
Mills [1-27] predicts that atomic hydrogen may undergo a 
catalytic reaction with certain atomized elements or certain 
gaseous ions which singly or multiply ionize at integer mul- 
tiples of the potential energy of atomic hydrogen, 27.2 eV. 
The reaction involves a nonradiative energy transfer to form 
a hydrogen atom that is lower in energy than unreacted 
atomic hydrogen that corresponds to a fractional principal 
quantum number where Eq. (2b), should be replaced by 

n= 1,2,3,..., and 1=5,5'? < 2c) 

A number of independent experimental observations lead to 
the conclusion that atomic hydrogen can exist in fractional 
quantum states that are at lower energies than the traditional 
"ground" (/t = 1) state. 

1.2. Experimental data of tower-energy hydrogen 

Observation of intense extreme ultraviolet (EUV) emis- 
sion at low temperatures (e.g. ss I0 3 K) from atomic hydro- 
gen and certain atomized elements or certain gaseous ions 
[8,9,12-14,16-18] has been reported previously. The onry^'* 
pure elements that were observed to emit EUV were thos4g 
wherein the ionization of / electrons from an atom to a An- ^ 
tinuum energy level is such that the sum of the ion&ucii 
energies of the / electrons is approximately m27^ftV^wftr«fi? 
t and m are each an integer. Potassium, cesium, and*6trotf- 



tium atoms and Rb + ion ionize at integ 
potential energy of atomic hydrogen 
Whereas, the chemically similar atoms? 
and barium, do not ionize at tnti 
tial energy of atomic hydrogen 

Additional prior relate 
ity of a novel reaction o 
a chemically g< 
novel hydride 
[7-18], ci 
dride ion 
[7-9], pi; 






of the 
cavsecnanissiofi. 

of the poten- 
no emission. 

the possibil- 
which produces 
plasma and produces 



EUV spectroscopy 
from catalysis and the hy- 
lower-energy hydrogen emission 
[8,9,12-14,16-18], Balmerot line 
broadening [fbl^Snomalous plasma afterglow duration 
[16,17], power generation [10,1 1.18], and analysis of chem- 
ical compounds [19-25]. Exemplary related studies include: 

( I ) The observation of novel EUV emission lines from 
microwave and glow discharges of helium with 
2% hydrogen with energies of 9 13.6 eV where 



q~ I, 2, 3,4,6, 7,8,9, or II or these lines inelasri- 
cally scattered by helium atoms in (he excitation of 
He< I s 2 ) to He< 1 s' 2p' ) that were identified as hydrogen 
transitions to electronic energy levels below the 
"ground" state corresponding 10 fractional quantum 
numbers [7], 

(2) the identification of transitions of atomic hydrogen to 
lower energy levels corresponding to lower energy hy- 
drogen atoms in the extreme ultraviolet emission spec- 
trum from interstellar medium and the Sun [1.5,7], 

(3) the EUV spectroscopic observation of lines by the 
Institut fur Niedertemperatur-PlasmaphysUc e.V. that 
could be assigned to transitions of atomic hydrogen to 
lower energy levels corresponding to fractional prin- 
cipal quantum numbers and the emission frv)Bttne ex- 
citation of the corresponding hydride ions ll5fc> 

(4) the recent analysis of mobility and spectroscopy data 
of individual electrons in liquid^ helnim wtijch shows 
direct experimental confirmation tfiat electrons may 
have fractional principal quantum energy levels [6], 

(5) the observation of coiitmuujm state emission of Cs 2 * 
and At 2 * at 53.3 ano^^ fm*. respectively, with the 
absence of the ^^corresponding Rydberg series of 
lines from thesttSsnecfcs which confirmed the resonant 
nonradiative energ^transfer of 27.2 eV from atomic 
hydrogcjtft| t the catatysts atomic cesium or Ar + [9], 

(6) the spiectrosc&ic observation of the predicted hydride 
ioifti'^ko^Rydrogen catalysis by either cesium atom 
5j At* catalyst at 407 nm corresponding to its pre- 
olcM^ding energy of 3.05 eV [9], 

v the observation of characteristic emission from K** 
^%yhich confirmed the resonant nonradiative energy 
*i transfer of 3.27.2 eV from atomic hydrogen to atomic 
^ potassium [8], 

^ (8) the spectroscopic observation of the predicted H"( \) 
hydride ion of hydrogen catalysis by potassium cata- 
lyst at 1 10 nm corresponding to its predicted binding 
energy of lUeV [8], 
(9) the observation by the Institut fur Niedertemperatur- 
Plasmaphysik e.V. of an anomalous plasma and plasma 
afterglow duration formed with hydrogen-potassium 
mixtures [16], 

(10) the observation of anomalous afterglow durations of 
plasmas formed by catalysts providing a net enthalpy 
of reaction within thermal energies of m27.28 eV 
[16,17], 

(11) the observation of Lyman series in the EUV that rep- 
resents an energy release 10 times hydrogen combus- 
tion which is greater than that of any possible known 
chemical reaction [7,18], 

(12) the observation of line emission by the Institut fur 
Niedertemperarur-Plasmaphysike.V. with a 4° grazing 
incidence EUV spectrometer that was 100 times more 
energetic than the combustion of hydrogen [15], 

(13) the observation of anomalous plasmas formed with 
strontium and argon catalysts at 1% of the theoretical 
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or prior known voltage requirement with a light output 
for power input up to 8600 times that of the control 
standard light source [12.13,18], 
the observation that the optically measured output 
power of gas cells for power supplied to the glow 
discharge increased by over two orders of magnitude 
depending on the presence of less than 1% par- 
tial pressure of certain catalysts in hydrogen gas or 
argon-hydrogen gas mixtures, and an excess thermal 
balance of 42 W was measured for the 97% argon 
and 3% hydrogen mixture versus argon plasma alone 
(UK 

the observation that plasmas of the catalyst-hydrogen 
mixtures of strontium-hydrogen, hel rum-hydrogen, 
argon-hydrogen, strontiurn-helhim-hydrogen, and 
strontium-argon-hydrogen showed significant Balmer 
a line broadening corresponding to an average hy- 
drogen atom temperature of 25-45 eV; whereas, 
plasmas of the noncatalyst-hydrogen mixtures of pure 
hydrogen, krypton-hydrogen, xenon-hydrogen, and 
magnesrum-hydrogen showed no excessive broad- 
ening corresponding to an average hydrogen atom 
temperature of « 3 eV [10], 

the observation that the power emitted for power sup- 
plied to a hydrogen glow discharge plasmas increased 
by 35-184 W depending on the presence of catalysts 
helium or argon and less than 1% partial pressure 
of strontium metal in noble gas-hydrogen mixtures; 
whereas, the chemically similar noncatalyst krypton 
had no effect on the power balance [10], 
the differential scanning caJorimetry (DSC) measure- 
ment of minimum heats of formation of KH1 by the^ : 
catalytic reaction of potassium with atomic hydro?£ 
gen and Kl that were over -2000kJ/mol H 2 : c^n>% 
pared to the enthalpy of combustion of hydq^eiyof 
-241.8 kJ/mol H 2 [25], 
the isolation of novel hydrogen compou 
of the reaction of atomk hydrogen \ 
which formed an anomalous pla 
EUV studies [19-25], 

the identification of novel JdBMe^tapounds by (i) 
time of flight secondary ioajnasTkectroscopy which 
showed a dominant Jptfn\vnp* the negative ion 
spectrum, (ii) X-ra^oToekcWn spectroscopy which 
showed novel hatffaft^pey and significant shifts of 
the core levels oP&eptmwy dements bound to the 



ion identified by a large distinct upfield resonance 
(19,20.23), 

(21 ) the replication of the NMR results of the identification 
of novel hydride compounds by large distinct up- 
field resonances at Spectral Data Services, University 
of Massachusetts Amherst, University of Delaware, 
Grace Davison, and National Research Council of 
Canada [19], and 

(22) the NMR identification of novel hydride compounds 
MH* and MHJ wherein M is ihe metal and H" com- 
prises a novel high binding energy hydride ion iden- 
tified by a large distinct upfield resonance that proves 
the hydride ion is different from the hydride ion of the 
corresponding known compound of the sapweompo- 
sition [19]. %jf 

1.3. Mechanism of the formation of h^r-enef^ 
atomic hydrogen 



The mechanism of the 
novel hydrides, and the 
from interstellar medium 
by the conventional 
predicted by a solui 
nonradiative boundary 



em^ion^tne formation of 
qn^orcertam EUV lines 

§fei cannot be explained 

%els of hydrogen, but it is 
Schrodinger equation with a 
int put forward by Mills (!]. 
Mills predict uncertain atoms or ions serve as catalysts 
to release energy fijpm hydrogen to produce an increased 
bindin^nerg^^)gen atom called a hydrino atom having 
a bjf&tfienegy'given by Eq. (2a) where 




3*4' 



(3) 




and p is an integer greater than I, designated as H[an/p) 
_jjsjnere oh is the radius of the hydrogen atom. Hydrinos are 
^predicted to form by reacting an ordinary hydrogen atom 

with a catalyst having a net enthalpy of reaction of about 



m27.21 eV, 



(4) 



55 



(20) 



novel hy.dnb^SMSlii) 'H nuclear magnetic reso- 
nance sp*5|ppSto (NMR) which showed extraordi- 
nary ^)fielo^bemicaJ shifts compared to the NMR 
of the cOTesjionding ordinary hydrides, and (iv) ther- 
mal decomposition with analysis by gas chromatogra- 
phy, and mass spectroscopy which identified the com- 
pounds as hydrides [19-25], 
the NMR identification of novel hydride compounds 
MH*X wherein M is the metal, X, is a halide, and 
H* comprises a novel high binding energy hydride 



where m is an integer. This catalysis releases energy from 
the hydrogen atom with a commensurate decrease in size 
of the hydrogen atom, r, = no*. For example, the catalysis 
of H(n = I ) to H(/i = j ) releases 40.8 eV, and the hydrogen 
radius decreases from an to -an. 

The excited energy states of atomic hydrogen are also 
given by Eq. (2a) except with Eq. (2b). The n = 1 state is 
the "ground" state for "pure" photon transitions (the n = I 
state can absorb a photon and go to an excited electronic 
state, but it cannot release a photon and go to a lower-energy 
electronic state). However, an electron transition from the 
ground state to a lower-energy state is possible by a nonra- 
diative energy transfer such as multipole coupling or a res- 
onant collision mechanism. These lower-energy states have 
fractional quantum- numbers, n = I /integer. 

Processes that occur without photons and that require col- 
lisions are common. For example, the exothermic chemi- 
cal reaction of H + H to form H 2 does not occur with the 
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emission of a photon. Rather, the reaction requires a colli- 
sion wiih a third body, M, to remove the bond energy — 
H-fH + M— *H:+M" (28). The third body distributes the 
energy from the exothermic reaction, and the end result is 
the Hi molecule and an increase in the temperature of the 
system. Some commercial phosphors are based on nonradra- 
tive energy transfer involving muJttpole coupling. For exam- 
ple, the strong absorption strength of Sb** ions along with 
the efficient nonradiative transfer of excitation from Sb 3+ to 
Mn 2 \ are responsible for the strong manganese lumines- 
cence from phosphors containing these ions [29]. Similarly, 
the n = I state of hydrogen and the n = l/integer states of 
hydrogen are nonradiative, but a transition between two non- 
radiative states is possible via a nonradiative energy transfer, 
say n = \-\. In these cases, during the transition the elec- 
tron couples to another electron transition, electron transfer 
reaction, or inelastic scattering reaction which can absorb 
the exact amount of energy that must be removed from the 
hydrogen atom to cause the transition. Thus, a catalyst pro- 
vides a net positive enthalpy of reaction of m27.21 eV (i.e. it 
absorbs m27.21 eV where m is an integer). Certain atoms or 
ions serve as catalysts which resonantly accept energy from 
hydrogen atoms and release the energy to the surroundings 
to effect electronic transitions to fractional quantum energy 
levels. Recent analysis of mobility and spectroscopy data 
of individual electrons in liquid helium show direct experi- 
mental evidence that electrons may have fractional principal 
quantum energy levels [6], 

The catalysis of hydrogen involves the nonradiative trans- 
fer of energy from atomic hydrogen to a catalyst which may 
then release the transferred energy by radiative and nonra- 
diative mechanisms. As a consequence of the nonradiative 
energy transfer, the hydrogen atom becomes unstable 
emits further energy until it achieves a lower-energy nan 
diative state having a principal energy level given #jf Eqs? 
(2a) and (3). 



37 1.4. Catahsts 



According to Mills [I], a cal 
by the ionization of f elect 
continuum energy level such 
energies of the r electrons 
m is an integer. 



provided 
or ion to a 
of the ionization 
m27.2 eV where 



1.4. 1. Argon ioi 
Argon ions can 
of the potential 
ionization energy 
Ar 2 * has a net 



t enthalpy of a multiple of that 
of the hydrogen atom. The second 
on is 27.63 eV. The reaction Ar + to 
of reaction of 27.63 eV, which is 



equivalent to m = 1 in Eq. (4) 
27.63 eV+Ar + + Hf^| - Ar 2+ 



+ H 



+ e~ 



°" , +K/>+l> 2 -/>-]13.6eV, 



(/>+ I) 



Ar" + +e~ - Ar + + 27.63 eV. 
And, the overall reaction is 



(6) 



H 



- H 



OH 



ip+ I) 



+ [</>+ O 2 -/> 2 ]13.6eV. (7) 



1.4.2. Helium ion 

Helium ion (He + ) is also such a catalyst because the 
second ionization energy of helium is 54.417 eV, which is 
equivalent to m = 2 in Eq. (4). In this case, the catalysis 
reaction is 



54.4l7eV + He + + H[(7h] 



- He 2 * + e~ + 



H[y] + 108.8 eV, 



He 2+ + e' — He + + 54.4 1 7 eV. 

if 

And, the overall reaction is r\ jj* 
H[o«] - H [y] + 54.4eV + 54^eV: 




(10) 



The energy given off during catalysis is much greater than 
the energy lost to the cataj^st The energy released is large as 
compared to conventional chemical reactions. For example, 
when hydrogen and oxygen gases undergo combustion to 
form water ' . 

Ht<^}^{gr- H 2 0(/) (II) 





(5) 



^tr&knowv enthalpy of formation of water is AHt = - 
28oMU/jnol or 1.48 eV per hydrogen atom. By contrast, 
each (n = 1 ) ordinary hydrogen atom undergoing catalysis 
peases a net of 40.8 eV. Moreover, further catalytic tran- 
sitions may occur *= i — i, i — i, I — i, and so 
on. Once catalysis begins, hydrinos autocatalyze further in a 
process called disproportionation* This mechanism is sim- 
ilar to that of an inorganic ion catalysis. But, hydrino catal- 
ysis should have a higher reaction rate than that of the in- 
organic ton catalyst due to the better match of the enthalpy 
to m27JeV. 

1.4 J. Hydrino catalysts 

In a process called disproport ionation, lower-energy hy- 
drogen atoms, hydrinos* can act as catalysts because each 
of the metastable excitation, resonance excitation, and ion- 
ization energy of a hydrino atom is m27.2 eV (Eq. (4)). 
The transition reaction mechanism of a first hydrino atom 
affected by a second hydrino atom involves the reso- 
nant coupling between the atoms of m degenerate mul- 
tipoles each having 27.21 eV of potential energy [I]. 
The energy transfer of m27.2 eV from the first hydrino 
atom to the second hydrino atom causes the central 
field of the first atom to increase by m and its elec- 
tron to drop m levels lower from a radius of a»/p 
to a radius of a»/(p + m). The second interacting 
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lower-energy hydrogen is cither excited to a metastabte state, 
excited to a resonance state, or ionized by the resonant en- 
ergy transfer. The resonant transfer may occur in multiple 
stages. For example, a nonradiative transfer by multipole 
coupling may occur wherein the central field of the first 
increases by m, then the electron of the first drops m lev- 
els lower from a radius of awl p to a radius of an/(p + m) 
with further resonant energy transfer. The energy transferred 
by multipole coupling may occur by a mechanism that is 
analogous to photon absorption involving an excitation to a 
virtual level. Or, the energy transferred by multipole cou- 
pling during the electron transition of the first hydrino atom 
may occur by a mechanism that is analogous to two photon 
absorption involving a first excitation to a virtual level and a 
second excitation to a resonant or continuum level [30-32]. 
The transition energy greater than the energy transferred to 
the second hydrino atom may appear as a photon in a vac- 
uum medium. 

The transition of H[a»/p) to H[oh/(/> + «)] induced by 
a multipole resonance transfer of m27.2l eV (Eq. (4)) and 
a transfer of [</>')* - (p' - m') 2 ]!^ eV - m27.2 eV with 
a resonance state of H[an/(p' - w')] excited in ri[oH/p'] is 
represented by 



And, the overall reaction is 



H 



+ H 



— H 



p» -m* 



1/7 + /1 



+MP + **? - p 2 ) - (p n - (p f - m') 2 )JI3.6 eV, 



where p, p', m, and m are integers. 

Hydrinos may be ionized during a disproportionatiofl rc| 
action by the resonant energy transfer. A hydrino ai 
the initial lower-energy state quantum number p 
awfp may undergo a transition to the state with k>i 
state quantum number (p + m) and radius 
reaction with a hydrino atom with the initi 



state quantum number m\ initial 
radius an that provides a net enl 
(4)). Thus, reaction of hydro] 
the hydrogen-type atom, H[awjf) 9 
resonant energy transfer ttfrgai 
represented by ^ ~~ 



m27.21 eV + H 




final 
eV (Eq. 
Hfoi/p], with 
ionized by the 
itkm reaction is 




-</n' 2 -2m)]13.6 eV, 



3? H + +e--rl[2i] + 13.6eV. 



(13) 



(14) 



13.6 eV+ 13.6 eV. 



(15) 



Helium ion catalyzes H[oh] to H[0h/3) as shown in Eqs. 
(8)-(IO). Disproportionalion reaction may then proceed to 
give: 



"ffl*"ffl-"ffl*"lf 




(16) 




7.5. The nature of the chemicaiM^^o^the hydrogen* 
molecular ion, the hydrogen moieeute, "and hydrogen 
molecular ions and molecutesJiavu% fractional principal- 
quantum numbers - 

From the application of the nonradiative boundary condi- 
tion, the insfibiTity of excited states as well as the stability 
of the li gyo£a^r static arise naturally in the Mills theory [1] 
I A^endix B. In addition to the known states of 
i (2a) and (2b)), the theory predicts the ex- 
viousry unknown form of matter, hydrogen 
^and^molecutes having electrons of lower energy than 
ventionaJ "ground** state, called hydrinos and dihy- 
y — the diatomic hydrino molecule, respectively, where 
ch energy level corresponds to a fractional quantum num- 
ber. 

Two hydrogen atoms react to form a diatomic molecule, 
the hydrogen molecule 

2H[aH]-H 2 {2c , = v / 2aol, U?) 

where 2d is the internuclear distance. Also, two hydrino 
atoms react to form a diatomic molecule, a dihydrino 
molecule 




(18) 



2h[^|-H 1 

where p is an integer. And, a hydrino atom can react with a 
proton to form a dihydrino molecular ion that further reacts 
with an electron to form a dihydrino molecule 



+ H + + e~ 



(19) 



The hydrogen-type molecular ion and molecular charge 
and current density functions, bond distance, and energies 
are solved in Appendix B from the Laplacian in ellipsoidal 



39 



41 



43 



45 



47 



49 



51 



53 



55 



57 



59 



61 



63 



65 



67 



7 
9 

II 
13 
!5 
17 
19 
21 
23 

25 

27 
29 



1HE 13151 



ARTICLE IN PRESS 



P.L MUh. P. Ray I International Journal of Hydrogen Energy III f||||; |||-||| 



I coordinates with the constraint of nonradiation 



(20) 



In the case that a hydrino atom reacts with a proton to 
form a di hydrino molecular ion. 



H 



+ H* - H 2 



(21) 



a designation for this reaction in terms of quantum numbers 

is 

H[/i= \/p] + H + - H 2 [n= (22) 
The energy released is 

*-*(■[?])-* 

= -p 2 !3.6+ p 2 16.28 eV = /> 2 2.68eV, (23) 

where £> is given by Eq. (B.77). The reaction of a 
hydrino atom with a proton may involve an excited elec- 
tronic state and a series of corresponding vibrational and 
rotational states. In the reaction designated 

H [^) + H^Hi[2c'=5;,- = 2] + (24) 

the hydrino H[n = ±] may react with a proton to form the 
first excited electronic state of the molecular ion H 5 {» = j]+ 
wherein the central field in elliptic coordinates in one half^ 
that of ground state (nonradiatrve state) of H 2 (n = ;] + - ' 
state is analogous to the n = 2 state of atomic byd 
and is designated as H;{/i= = 2] + , except i 
rronic relaxation may involve a radiationJess 
a radiative component involving the oscillatj 
ing nuclei which undergoes transition to the*^^5^ of 
H:[/t= The nonradiatrve energy 
ing toH[/i=|]-* H[n = £] may o c cdferfjfcfr^t vibra- 
tional state (bond-continuum state^fljraflK *?\ The bond 
energy of H 2 [w = I/pJ* is grve^oy l%(IF/8). Thus, the 
bond energy of Hj[* = J]+ i 

£b = /> 2 2.68eV=: 4*2.6 



where p = 4, and the 

£o = p 2 2.68e 1 



eV(28.92nmX 
rofHj[« = ir is 
l0.72eV(H5.70nra), (25) 
*the Franck-Condon principle, the 



where p- 

vibrationaJ afi^^pjationaj energies of H?[/i= J;jT = 2}* 
are equivalent to those of H 2 fn = given by Eq. (B.I 22) 
and Eq. (B.255), respectively, 

= - »0/> 2 0.2962eV = (o / -^)I.I85eV, (26) 
169 





um = 



42 



(27) 



where p = 2. Thus, the emission spectrum of H 7 '[/i= J; 
«" = 2] + is predicted to comprise vibrational peaks centered 
at 1.185 eV spacing slit by 42 um spaced peaks due to ro- 
tational transitions terminating at about £d(H i (/i= ;D = 
42.88 eV( 28.92 nm). Nonlinearity at highly excited vibra- 
tional levels with trans la tional, vibrational, and rotational 
interactions are anticipated to broaden the terminal peaks. 

1.6. EUV spectroscopy detects lower-energy hydrogen 

It was previously reported that extreme ultraviolet spec- 
troscopy was recorded on microwave and glow discharges 
of helium with 2% hydrogen wherein helium and the 
product hydrinos served as catalysts [7]. Novefee^hission 
lines were observed with energies of ?l3.i$|££*vhere 
q~ 1,2,3,4,6,7,8,9, or II or these lines j 
tered by helium atoms wherein 2 1 .2 e Vg 
the excitation of HeOs 2 ) to HeOs'2 
identified as hydrogen transitions if efi 

els below the "ground" state c oft . r 9 

quantum numbers. In addit^; a ow^rison was made 
between the plasma resul^an^i^pphysicaJ data. Similar 
lower-energy-hydrogen faisrtions were found that matched 
the spectral lines ofthe extreme* ultraviolet background of 
interstellar space and Solar lines. 

Also, previous** reported lines observed at the Instifut fur 
Niedertem^btuT-ftasmaphysik e.V. by EUV spectroscopy 
couJdhjrassi^edm transitions of atomic hydrogen to lower 
ener ^ljffi s corresponding to hydrinos and the emission 
fiph tBKxdStion of the corresponding hydride ions [15]. 
^raexampre, the product of the catalysis of atomic hydrogen 
^ witn^tassium metal, H[oh/4] may serve as both a catalyst 
I a reactant to form H[<m/3] and H[<W6]. The transition 
' H[jh/4J to H[(7|i/6) induced by a multipole resonance 
sfer of 54.4 eV(2.27.2 eV) and a transfer of 40.8 eV with 
a resonance state of H[(7 H /3] excited in H[oh/4] is repre- 
sented by 

h [t] + »[t]- h [t) +h [t] + ^ v - 

(28) 

The predicted 1 76.8 eV( 7.02 nm) photon is a close match 
with the observed 730 nm line. The energy of this line 
emission corresponds to an equivalent temperature of 
1,000,000 C and an energy over 100 times the energy of 
combustion of hydrogen. 

Since the Sun and stars contain significant amounts of 
He* and atomic hydrogen, catalysis of atomic hydrogen by 
He + as given by Eqs. (8)-( 10) may occur. Also, the simul- 
taneous ionization of two hydrogen atoms may provide a 
net enthalpy given by Eq. (4) to catalyze hydrino formation. 
Once formed, hydrinos have binding energies given by Eqs. 
(2a) and (3); thus, they may serve as reactants which provide 
a net enthalpy of reaction given by Eq. (4). Lower-energy 
atomic hydrogen may react to form (he corresponding dihy- 
drino molecules. Characteristic emissions from the Sun may 
identify di hydrino molecules. 
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The detection of atomic hydrogen in fractional quantum 
energy levels below the traditional "ground" state — hydri- 
nos — was previously reported [1.5,7] by the assignment 
of soft X-ray emissions from the interstellar medium, the 
Sun, and stellar flares, and by assignment of certain lines 
obtained by the far-infrared absolute spectrometer (F1RAS) 
on the Cosmic Background Explorer. The detection of a new 
molecular species — the diatomic hydrino molecule — was 
reported by the assignment of certain infrared line emissions 
from the Sun. The detection of a new hydride species — 
hydrino hydride ion — was reported by the assignment of 
certain soft X-ray, ultraviolet (UV), and visible emissions 
from the Sun. This has implications for several unresolved 
astrophysicaJ problems such as the identity of dark matter 
and the Solar neutrino paradox [ 1 ,7]. 

From Eq. (26), the energy for the o + 1 — v vi- 
brational transition is 1.185 eV. The increment of the 
McPherson 4* grazing incidence EUV spectrometer was 
0. 1 nm as described in Section 2. The corresponding en- 
ergy in this spectral region is about 0.1 5 eV. The rotational 
levels given by Eq. (27) could not be resolved since the 
J + 1 — J corresponds to 0.03 eV. Thus, the excited state 
spectrum of Hj [n = J ; /t # = 2] + was predicted to comprise 
rotationaJIy broadened vibrational transitions centered on 
1.185 eV increments. The series of vibrational transitions 
was predicted to terminate at about the dissociation limit 
of H;[rt=J]\ E 0 = 42.88 eV(28.92nm) given by Eq. 
(25). We report that this spectrum was observed during 
microwave discharges of mixtures of argon or helium 
and 10% hydrogen. Solar astrophysicaJ data was reviewed 
and emission lines from the corona were identified which 
matched dihydrino molecular rotational transitions to five 
figures. 

2. Experimental , v ra» v 
2.1. EUV spectroscopy ^ 

EUV spectroscopy was recorded oSUtmR^wave cell 
light source. Due to the extreme 4jr3Bt££B|gelength of this 
radiation, "transparent" optics !] 
window less arrangement 



cell was connected to 
and detectors of 
ing permitted a hij 
in the spectromg 
cell outlet and 
that servec&w a pi 




Therefore, a 
the microwave 
vessel as the grating 
Differential pump- 
cell as compared to that 
achieved by pumping on the 
grating side of the collimator 
^ le inlet to the optics. The spectrom- 
eter was conh^uoSfy evacuated to I0~ 4 -10** Torr by a 
rurbomolecular pump with the pressure read by a cold cath- 
ode pressure gauge. The EUV spectrometer was connected 
to the cell light source with a 1.5 mm x 5 mm collimator 
which provided a light path to the slits of the EUV spec- 
trometer. The collimator also served as a flow constrictor 
of gas from the cell. The cell was operated under gas flow 





ismg a microwave discharge 
trometer which was difler- 



taining a constant gas pressure in the 53 



:opy was recorded on argon-hydrogen 55 



rh el rum-hydrogen ( jj%) plasmas. The plasma 
sourt$.was a microwave plasma discharge cell. The micro- 
ave EUV spectra were recorded with a grazing incidence 
spectrometer. Control plasmas of neon, krypton, 
xenon, hydrogen, argon, and helium alone and neon- 
hydrogen (Jj%), krypton-hydrogen (*%) and xenon- 
hydrogen ( fj%) were recorded. 

The light emission from a microwave plasma was intro- 
duced to an EUV spectrometer for spectral measurement. 
The spectrometer was a McPberson 4° grazing incidence 
EUV spectrometer (Model 248/3 10G) equipped with a grat- 
ing having 600 G/mm with a radius of curvature of ^ I m. 
The angle of incidence was 87°. The wavelength region 
covered by the monochromator was 5-65 nm. The wave- 
length resolution was about 0.1 nm (FWHM) with an en- 
trance and exit slit width of 300 urn. A channel electron 
multiplier (CEM) at 2400 V was used to detect the EUV 
light The increment was 0.1 nm and the dwell time was I s. 

2.2. Microwave emission spectra 
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The experimental setup comprising the microwave dis- 
charge gas cell light source and the EUV spectrometer which 
was differentially pumped is shown in Fig. I. The extreme 77 
ultraviolet emission spectrum was obtained on plasmas of 
hydrogen alone, noble gases alone, or noble gas-hydrogen 79 
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mixtures ( 75%) with a microwave discharge system and an 
EUV spectrometer. Gas was flowed through a ha J f- inch di- 
ameter quartz tube. The gas pressure inside the cell was 
maintained at about 300 mTorr under flow conditions where 
the flow of each gas was controlled by 0-20 seem range 
mass flow controller (MKS I I79A21CSIBB) with a read- 
out (MKS type 246). The flow rate for each gas tested 
alone was 1 1 seem, and the flow rates for the neon, kryp- 
ton, xenon, argon, or helium 90% with 10% hydrogen was 
10 and I seem, respectively. The pressure was measured 
with a 10 and lOOOTorr MKS Baratron absolute pressure 
gauge. The rube was fitted with an Optbos coaxial mi- 
crowave cavity (Evenson cavity). The microwave gener- 
ator was a Opthos model MPC-4M generator (frequency: 
2450 MHz). The output power was set at 85 W. The EUV 
spectrometer was a Mcpherson 4° grazing incidence EUV 
spectrometer (Model 248/3 10G). (See EUV-Spectroscopy 
Section). 



3. Results and discussion 

3. J. EUV spectroscopy 

The EUV emission spectra were recorded from micro- 
wave discharge plasmas of pure neon, krypton, xenon, hy- 
drogen, argon, and helium, as well as 10% hydrogen with 
neon, krypton, xenon, argon, and helium over the wave- 
length range 20-60 nm. The short wavelength spectra of 
neon and neon-hydrogen ( 75%) were equivalent to the spec- 
tra reported previously [7]. Only known Ne II peaks were 
observed in this region. The EUV spectra of the control 
krypton and krypton-hydrogen { xeDon ^ xcnoi J 
hydrogen (75%), hydrogen, argon, and helium microwave 
discharge ceil emission is shown in Figs. 2, 3, 4, Sf*^ 





f .... «o* 

Ml C . « 



3* 40 90 

Wavelength (nm) 



Fig. 2. The EUV spectra (20-60 nm) of the control krypton and 
krypton-hydrogen microwave discharge cell emission that were 
recorded with a 4° grazing incidence EUV spectrometer and a 
CEM. No emission was observed m this region with or without 
hydrogen. 




Wavelength (nm) 

Fig. 3. The EUV spectra (20-60 nm) of L„ 
xenon-hydrogen microwave discharge cell , 
recorded with a 4° grazing incidence 
CEM. No ermssioo was observed in , 
hydrogen. 




Fig. 4. The EUV spectrum (20-60 ran) of the control hydrogen 
microwave discharge cell emission that were recorded with a 4° 
grazing mcidtote EUV sptiUmueieT and a CEM. No emission was 
observed in this region. 



respectively. No spurious peaks or artifacts due to the grat- 33 
ing or the spectrometer were observed No changes in the 
emission spectra were observed by the addition of hydrogen 3 5 
to noncatalysts neon, krypton, or xenon. 

The reaction At* to At 2 * has a net enthalpy of reaction 37 
of 27.63 eV, which is equivalent to m = I. The catalysis 
reaction involves a nonradiative energy transfer lo form a 39 
hydrogen atom that is lower in energy than unreacted atomic 
hydrogea The product hydrogen atom has an energy state 4 1 
that corresponds to a fractional principal quantum number. 
The lower-energy hydrogen atom is a highly reactive inter- 43 
mediate which further reacts to form a novel hydride ion. 
Emission was observed previously from a continuum state 45 
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13 




Wavelength (nm) 

Fig. 5. The EUV spectrum (27-60 nm) of (he control argon 
microwave discharge cell emission thai was recorded with a 4 
grazing incidence EUV spectrometer and a CEM. No emission 
was observed below 45 ran. 





Fig. 7. The EUV spectrum (10-60 
mixture ( ) microwave cell emi: 
increment of the McPherson 4 
meter. A series of 0.5 
observed m the spectral 
the o= 18-38 vibrai 
energies ol.!85eV asfj 
peak at about 28 nm 
dissociation energtof H;p 

*0 



drogen 
with 0.1 nm 
EUV spectro- 
ped peaks were 
that were assigned to 
[n= i; rr* =2] + with 
I. The intense continuum 
imated the series was assigned to the 



Fig. 6. The EUV spectrum (20-62 nm) of the contfi^ 
wave discharge cell emission (hat was reco 
incidence EUV spectrometer and a CEM. < 
of He I and He II were observed 




of At 2 * ai 45.6 nm [9]. Tlm>ir${tj^3sk>n feature with 
the absence of the oAes.corTespoo3Sg Rydberg series of 
lines from Ar* coofinnc&fcbe reddnant nonradiative energy 
transfer of 27.2 e V froni Mornie^drogen to Ar + . The catal- 
ysis product, ^'ftr^^BMrgy hydrogen atom H(|X w *» 
predicted to be a lugrn^ reactive intermediate which further 
reacts to form the novel hydride ion H~( j). This ion was 
observed specrjroscopically at 407 nm corresponding to its 
predicted binding energy of 3.05 eV. The catalytic reaction 
is given in Section 1 .4. 

The EUV spectra ( 10-60 nm) and ( 10-65 nm) of the 
argon-hydrogen mixture (fj*/©) microwave cell emission 
are shown in Figs. 7, and 8, respectively. Ordinary hydrogen 
has no emission in this region as shown in Fig. 4, and no 



10 20 M 40 so 

Wavelength (nm) 

Fig. 8. The EUV spectrum (10-65 ran) of the argon-hydrogen 
mixture microwave cell emission recorded with 0.1 nm in- 
crement of the McPherson 4° grazing incidence EUV spectrome- 
ter. With an increased spectral range compared to that of Fig. 7, 
an addition peak was observed at 61.5 nm that was assigned to 
ihe o= 17 vibrational transition of HJ(n= J; n* =2] + with an 
energy ol.!85eV as given in Table I. 



emission below 45 nm was observed with the control argon 1 5 
microwave discharge without hydrogen as shown in 
Fig. 5. A series of 0 J eV wide Gaussian-shaped peaks 1 7 
was observed in the spectral region 27-65 nm. The 
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Calculated energies of v,brat,onaI tnmsihom of H : > = J; n« = 2)* and the observed 
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Calculated 
emission (rtm) 
Eqs. (26) (B.80X 
and (B.I 19) 



Calculated 
emission (eV) 
Eq. (26) and (B.I 19) 



Observed 
lines (ran) 



Observed 
lines (eV) 



Difference between 
experimental and 
predicted <eV) 



0 

1047 

523J 

348.9 

261.7 

209.3 

174.5 

149.5 

130.8 

116.3 

104.7 

95.15 

87.22 

80.51 

74.76 

69.78 

65.42 

61.57 

58.15 

55.09 

52.33 

49.84 

47.58 

45.51 

4361 

41.87 

40.26 

38.77 

37.38 

36.09 

34.89 

33.76 

32.71 

31.72 

30.78 

29.91 

2907 

28.29 

27.54 



few W 6 * 
•% %85 

f 45.03 





0.02 

0.02 

0.00 

0.02 

0.02 

-0.01 

0.00 

0.01 

0.05 

0.04 

-0.03 

-0.02 

-0.01 

-0.01 

-0.04 

0.01 

0.02 

-0.02 

0.0! 

-0.04 

-0.02 

-0.09 
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peaks centered on r&trv&mmments in energy of 
1.185 eV tenninttc* -tfejajboul 28 run. H(\/p) nay re- 
act with a protafi to-form an excited state molecular ion 
H:(l/p) + Jhat hay a bond energy and vibrational lev- 
els thai are /r times those of the molecular ton com- 
prising uncatalyzed atomic hydrogen where p is an 
integer. At* may serve as a catalyst to form H(±) which 
may react with a proton to form H,*[/f = J;jT =2]*. From 
Eqs. (26) and (B.I 19), the energy for the r + I — v 
vibrational transition of H 2 - [/i= = 2] + is U85eV. 
The increment of the McPherson 4° grazing incidence 



EUV spectrometer was 0.1 run as described in Section 2. 
The corresponding energy in this spectral region 
is about 0.15 eV. The rotational levels given by Eq. 
(27) could not be resoWed since the 7 + 1 — J corresponds 
to 0.03 eV. Thus, the excited state spectrum 
of HJ[i?= i;n* = 2J* in this region was predicted to 
comprise rotationally broadened vibrational transitions at 
1.185 eV increments (Eq. (26) and Eq. (B.J 19)) that 
terminated at about the dissociation limit of H 2 f/i= J)*, 
£o = 42.88 eV(28.97 nm) (Eq. (25)). In Table I, the no'vd 
emission lines were assigned to the c= 17-38 vibrational 
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40 

Wavelength (nm) 



Fig. 9. The three matching EUV spectra (20-60 ran) of the mi- 
crowave cell emission from argon-hydrogen ( y|§j ) plasmas that 
were equivalent to the spectrum shown m Fig. 7. 



2000 




Wavelength (nm) 
Fig. 10. The three repeatable EUV spectra < 27 ^°|™V|fc 



gen^crov, 



; cell emission from argon-hydrogen ( *n^ wn 
in Fig. 8 with an additional control xi 
discharge cell emission that was recorded 
deuce EUV spectrometer and a CE\$£j*h i 
in this region from the control. 




grazing mo- 
was observed 



i*. — 



1 



11 



transitions of HJ["=?i;>&T 2J#with energies t?!.185eV 
that terminated ^abSb^o^nm. There is remarkable 
agreement r^eei^^aicted vibrational energies and 
the observed IrnWTne unique continuum peak at about 
28 nm wast the rrkisl intense and terminated the series of 
peaks at the predicted dissociation energy of H 2 (/i = j)\ 
Thus, this peak was assigned to the dissociation energy of 
H 2 («= The zero order was extremely intense which 
corresponded to the observed high intensity of the plasma. 

The spectrum of the argon-hydrogen plasma given in 
Figs. 7 and 8 was found to be very readiJy reproducible 
as shown in Figs. 9-1 1. Fig. 10 shows the region of inter- 




» 30 «0 SO 80 

Wavelength (nm) ~^ff 

Fig. II. The three repeatable EUV spectra (20|£0 nra|)f the mi- 
crowave cell emission from ar gon-by droggml jJ^j^Ssmas shown 
in Fig. 8 wherein the vibrational emission dornfaateo* the electronic 
emission. A fourth repeat spectrum sfiftws ow peaks that were 
assigned to Ar I and Ar 11 as sjttw&m F$*:5r 

est (27-60 nm) of ^EUy spectra of the argon-hydrogen 
plasmas compared to afi&ddhional control xenon-hydrogen 
microwave dittterge celF^mission. The series of 1.185 eV 
peaks wert^got o%erved from (his control or the others 
shown . ijr Fif^2-=£r* Each argon-hydrogen plasmas exper- 
imen^waj^^erfoTOed independently on separate days, and 



essentially identical. The zero order was 
r™mciv jiiten$e which corresponded to the observed high 
intei&ry of the plasma. Often the rtf [n=\\n* = 2] + vibra- 
tional emission was so intense that it dominated or absorbed 
electronic emission as shown in Fig. 9 compared to 
Fig. 1 1. Other peaks in the latter case were assigned to Ar 
I and Ar II as shown in Fig. 5. 

The second ionization energy of helium is 54.4 eV; thus, 
the ionization reaction of He* to He 2+ has a net enthalpy of 
reaction of 54.4 eV which is equivalent to 2.272 eV. It was 
previously reported that EUV spectroscopy was recorded on 
microwave and glow discharges of helium with 2% hydro- 
gen at 1-760 Torr at a flow rate of 5 seem wherein helium 
and the product hydrinos served as catalysts [7]. Novel emis- 
sion lines were observed with energies of q 13.6 eV where 
q= 1,2,3,4,6,7,8,9, or 1 1 or these lines inelastically scat- 
tered by helium atoms wherein 21.2 eV was absorbed in 
the excitation of He ( Is 2 ) to He ( Is^p 1 ). H( \ ), the prod- 
uct with He* catalyst, may further serve as a catalyst to 
form H( i) and H(i ). The catalysis reaction with He* and a 
favored disproportionation reaction which gives rise toH(|) 
are: 



(29) 



Hlanf^H [y ] + 54.4 eV + 54.4 eV, 
H [i5l] + H[^]^H[^] + H[^] + 27.2eV. (30) 
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Fl % l2 * EUV spcctrvro t 25 " 62 ™n) of «»* helium-hydrogen 
< microwave ceil emission recorded with 0.1 ran increment 
of the McPherson 4° grazing incidence EUV spectrometer. A 
series of 0.5 eV wide Gaussian-shaped peaks were observed in the 
spectral region 27-55 rnn that were assigned to the c= 19,21-33, 
35-38 vibrational transitions of HJ(n=i; **=2} + with ener^ 
gies olJ85 eV as given in Table I. The intense cominuum peak 
at 28 ran that terminated the series was assigned to the dissocia- 
tion energy of H 2 f/i = Other peaks in the helium-hydrogen 
plasma that covered some of the vibrational peaks shown in 
Fig. 7 were assigned to He I and He II as shown in Fig. 6. 

The latter reaction was confirmed by the intense peak ob- 
served at 45.6 nm corresponding to q 13.6 eV where q = 2. 
As in the case of the Ar + catalyst, H(±) may react with a- 
proton to form HJ["= =2J*. 

The series of vibrational peaks from the argon-hydrogen* 
plasmas shown in Figs. 7-1 1 were also observed wiflj ifle 
helium ion catalyst. The EUV spectrum (25-62 nmX'oC-v 
the beJium-hydrogen (fjj%) microwave cell emission Willi 
wavelengths assignments is shown in Fig^ &\The feuv 
spectra (27-64 nm) of the microwave. ,&m emission from 
three helium-hydrogen (fg%) piasrna^wari . ^additional 
control xenon-hydrogen microw^A^dg^iajrge cell emis- 
sion are shown in Fig. 13. Ea«# helnl^arogen exper- 
iment was performed indegoDdea^y^ajP separate days. In 
each case, the series of tefeV wide Gaussian shaped peaks 
were observed in iheMp&sjaJ region 27-55 nm that were 
assigned to the p = J 9^^*5-38 vibrational transitions 
of HJ[*= i;nr^t|f^n#lenergies Pl.l85eV as given m 
Table I. The mfta^tommuum peak at about 28 nm that 
terminated'' the series was assigned to the dissociation en- 
ergy of H 2 fff « ij*: The series of 1.185 eV peaks were not 
observed from the xenon-hydrogen control shown in Fig. 
13 or the otheT controls shown in Figs. 2-4, and 6. Hydro- 
gen has no emission in this region as shown in Fig. 4. Other 
peaks in the helium-hydrogen plasma that covered some 
of the vibrational peaks shown in Fig. 7 were assigned to 
known intense He I and He II peaks as shown in Fig. 6. In 




repeatable EUV sp^.{tfiM&) of the 
microwave cell emission from IwliunMydrti&n ( ;£r ) plasmas 
that were equivalent to the spectrum sHfwn in 6$. 1 2 with an addi- 
tional control xenon-^drogenou^^ ceil emission 
that was recorded with a 4° gtazh^ topence EUV spectrometer 
and a CEM. No emissioaiwas observed in this region from the 
control. 

each case, the^zero order was extremely intense which cor- 
responded tt. the obwrved high intensity of the plasma, 

ExcittSd &a*ej|roydriiK> molecular ions other than 
HJ [ri^jpT = i|+ are predicted to emit outside the mea- 
S1 ? rfed 3 $S$& ttpon at shorter wavelengths, and additional 
viTtotionatfransitions of H : >= i ; „- = 2 ] + are predicted 
at longer wavelengths as given in Table I. 

f Identification of dihydrino molecules by the 
assignment of infrared line emissions from the Sim to 
rotational transitions 

The rotational transition energies of lower-energy mole- 
cular hydrogen match closely certain spectral lines obtained 
by Livingston and Wallace [33] using the 1 -m Fourier Trans- 
form Spectrometer at the McMath telescope on Kitt peak for 
which no other satisfactory assignment exists. Livingston 
and Wallace combined infrared solar spectra at different air 
masses to obtain a solar spectrum in the infrared from 1850 
to 9000 cnT'0. 1-5.4 urn) corrected for atmospheric ab- 
sorption by a point-by-point extrapolation to zero air mass. 
The spectra were obtained at disk center. The observed 
region was free of sunspots, and a 1-m out-of- focus image 
(~ 40 arc-sec diameter area) assured that any surface veloc- 
ity and brightness structure was averaged over. The spectra 
band width was set at long wavelengths (~ 5.4 um) by the 
response of the InSb detectors and at the short wavelength 
end (~ I.I um) by a silicon filter. The infrared lines cor- 
rected for atmospheric absorption that match the rotational 
transitions of lower-energy molecular hydrogen are given 
in Table 2. Similar observations of spectral lines obtained 
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Table 2 



The J + I to J rotational energy of Solar dihydrino molecules 



Observed line 
wave number 
(cm- 1 ) 



Predicted 
Mills 

(cm-')Eq-(27) 



P 

Eq. (B.2) 



Assignment Mills 
Transition J + I 
toy Eq. (27) 



Ref. 



Assignment 
(other) 



1898.2 
1897.9 
1894.4 
1898.1 

2846.8 

2847.7 

2847.1 

3322 

3320.4 

3322 

3321.6 

4270.8 

4270.7 

4745.3 

1067.7 

2135J 

2135.5 

2I35J 

3203.1 

3203.0 

4270.8 

4270.7 

6406.18 

6406.2 

7473.7 

8540.9 

8542.3 

1898.2 

1897.8 

1898.4 

5693.8 

5693.7 

5694.4 

7592.2 

7592.6 

9490.5 

2967.12 

2965.7 

2966 

2965.8 

5931.3 

5931.5 

8896.7 

8897J 

4270.8 

4270.7 

8540.9 

8542J 

5812.26 

5814.2 



1898.1 
1898.1 

1898.1 

2847.1 
2847.1 
2847.1 
3321.6 
3321.6 

3321.6 

4270.7 
4270.7 
4745.2 
1067.7 
2135.3 
2135.3 
2135.3 
3203.0 
3203.0 
4270.7 
4270.7 
6406.0 
6406.0 
7473.7 
8541.4 

1898.1 
1898.1 

5694.2 
5694.2 



2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

4 
4 

.W 
"'4' : £. 




5931^ 
593&5 
-8897J 
8897.3 
4270.7 
4270.7 
8541.4 

5812.9 



A \ 
•* J 


i til 


rn Av — 1 neak 


d 1 
! » — J 




None 


A 1 
^ —J 












0-3 


mi 
|33j 


p»onc 


6-5 


[34 J 


r»one 


6-5 


(351 


LrU (teujpc) 


7-6 


[33] 


NonejH^ a, 


7-6 


(34] 


None^%>*y^ 


7-6 


(35] 








^ «(jrOtjojffltined 


9-8 


(33) 


^JC6?S» = 2 peak 


9-8 


(34] & 


&lone 


10-9 


(34t 


;j .-^None 


1-0 


■ -'135$*.. 


^ Oj (telluric) 


2-1 


1331 ^ 


CO, d»=l peak 


2-1 


(34k 


None 


2-1 


(35] 


CO (telluric) 


3-2 


[34] 


None 


3-2 


[35) 


Not identified 


4-3 


(33) 


CO. &v = 2 peak 


4-3,-;-' 


[34) 


None 




[33] 


Ni, 6406. 1 8 




(34) 


None 


,r.7-6 '' :: <i>f 


[34] 


None 




[34] 


None 


■1-0 


133] 


CO, Qr = 1 peal 




[34) 


None 


3-2 


[33] 


None 


3-2 


[34] 


None 


4-3 


[33] 


None 


4-3 


[34] 


None 


5-4 


[34] 


None 


1-0 


(33] 


None 


1-0 


[34) 


None 


1-0 


(351 


H 2 0,2ri 






(telhinc) 


2-1 


(33) 


None 


2-1 


(34) 


None 


3-2 


[33] 


None 


3-2 


[34] 


None 


1-0 


(33] 


CO, At = 2 peak 


1-0 


[341 


None 


2-1 


[34] 


None 


1-0 


[33] 


Fe at 5812.26 






None 
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Table 2 












Continued 












Observed line 
wave number 
(cm" 1 ) 


Predicted 
Mills 

(cm-»)Eq. (27) 


p 

Eq. (B.2) 


Assignment Mills 
Transition J + 1 
to J Eq. (27) 


Ref. 


Assignment 
(other) 


5812.7 
7592.2 
7592.6 
60.124 
69.783 
53.362 


5812.9 
7592.3 
7592.3 
60 J 42 
69,750 
53381 


7 

8 
a 

5 

13 
14 
15 


1-0 
1-0 

1- 0 
3-2 
3-2 

2- 1 


[34] 
133] 
[34] 
1361 
[36J 
(36] 


None 
None 
None 
Fe(H) 
none 

Active region 
unidentified 


80.038 
60,710 


80.071 
60,735 


15 
16 


3-2 
2-1 


[36] 
136] 


Acpve region 
umt|eatil]ed 


68.582 
76,869 


68,564 
76,868 


17 
18 


2-1 
2-1 


[36] 
(36] 





by Brault et at. at Kitt Peak National Observatory [34], M. 
Migeortc made at Jungfraujoch International Scientific Sta- 
tion of Switzerland [35], and Cohen [36] recorded on Sky- 
lab with the NRL's Apollo Telescope also appear in Table 
2. The frequency corresponding to the J + I to J rotational 
transition of the dihydrino molecule (Eq. (B.251 ) where p 
is an integer which corresponds to /?= 1/p, the fractional 
quantum number of the hydrogen-type molecule) are given 
in Table 2. The assignment of additional lines to rotational 
transitions of lower-energy hydrogen molecules was limited 
by the range of the spectrum, the weakness of the spectrum 
in certain regions, and strong atmospheric components in 
some regions. The intensity of these forbidden lines sup- 
ports the possibility of a substantial abundance of dihydrino^ 
molecules in the Sun. 



4. Conclusion 

Transitions to fractional quantum cn«r|ry"-U^fels' ^Srcrc 
previously recorded on microwave amj^^bH^scWges of 
helium with 2% hydrogen. Novel txfii&&vmp were ob- 
served with energies of q\ 3.6 eV *> 4 * 6 » 7 > 8 » 9 » 
or 11 or these lines inelasti&lry sqjpred by helium 
atoms wherein 2UcV ^absot^m the excitation of 
He (Is 1 ) to He (ls'2p')g7j. El^ lines that could be as- 
signed to transitions^ ^&*^*ogen to lower energy 
levels correspondg«tdi€a<m5r1ai principal quantum num- 
bers were alsa pSftiS^ recorded at the Institut fur 
Niedenerrwera^^pphysik e.V. (15J. Novel hydride 
compouiK&Vere previously reported as final stable prod- 
ucts of the c^taiysfe reaction with alkaline or alkaline earth 
metals or halides as reactants [19-25]. We report that a 
novel molecular ion corresponding to the diatomic hydrino, 
dihydrino molecular ion, was observed when noble gas 
ions Ar + or He + served as catalysts. At* may serve as 
a catalyst to form H(±). The products of the He* cataly- 
sis reaction H(*) may further serve as catalysts to form 



H(A) and H{\). H(l/p) may reac| witfr& proton to form 
an excited state molecular ioo : H?^j?J^hat has a bond 
energy and vibrational levels U^are^p times those of 
the molecular ion comprising uncataryzed atomic hydrogen 
where p is an integer. Thbs, tfie excited state spectrum of 
HJ["= = 2 1 + was; predicted to comprise rotationally 
broadened vibrational transitions at 1.185 eV increments 
that terminated at about the dissociation limit of H 2 [/i = ;] + , 
E 0 = 42.88 eV( 28.92 nm). EUV spectroscopy was recorded 
on microwave discharges of argon or helium with 10% 
hydrogen, in the region 10-65 nm. Novel emission lines 
n> this region were assigned to the v~ 17-38 vibrational 
^transitions of H;["= ii"* =2] + with energies o 1.1 85 eV 
that terminated at about 28.9 nm. Furthermore, astrophysi- 
<$J data was reviewed, and fractional molecular hydrogen 
//rotational transitions were assigned to previously unidenti- 
fied lines in the Solar coronal spectrum that matched theo- 
retical predictions to five figures. Fractional hydrogen tran- 
sitions were previously assigned to lines in the Solar EUV 
spectrum which may resolve the solar neutrino problem, the 
mystery of the cause of sunspots and other solar activity, 
and why the Sun emits X-rays [7]. In addition to producing 
power on the Sun, the catalysis of hydrogen represents a 
new powerful energy source with the potential for direct 
conversion of plasma to electricity with the production of 
novel compounds [26,27]. Helium or argon as the source 
of catalyst with the formation of stable hydrogen-type 
molecules offers the possibility of room temperature opera- 
tion with a gaseous product which may be ventable. 
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Appendix A. Introduction 1 

A theory of classical quantum mechanics (CQM), de- 

3 rived from first principles, successfully applies physical laws 
on all scales [I]. The classical wave equation is solved with 

5 the constraint that a bound electron cannot radiate energy. 
The mathematical formulation for zero radiation based on 

7 Maxwell's equations follows from a derivation by Haus 
[37]. The function that describes the motion of the elec- 

9 tron must not possess spacetime Fourier components that 
are synchronous with waves traveling at the speed of light 

1 1 CQM gives closed form solutions for the atom including 
the stability of the n = I state and the instability of the ex- 

13 cited states, the equation of the photon and electron in ex- 
cited states, the equation of the free electron, and photon 

15 which predict the wave particle duality behavior of par- 
ticles and light The current and charge density functions 

17 of the electron may be directly physically interpreted. For 
example, spin angular momentum results from the motion 

19 of negatively charged mass moving systematically, and the 
equation for angular momentum, r x p, can be applied di- 

21 rectly to the wave function (a current density function) that 
describes the electron. The magnetic moment of a Bohr 

23 magneton. Stern Gerlach experiment, y factor. Lamb shift, 
resonant line width and shape, selection rules, correspon- 

25 dence principle, excited states, reduced mass, rotational en- 
ergies, and momenta, orbital and spin splitting, spin-orbital 

27 coupling, Knight shift, and spin-nuclear coupling, ionization 
of two electron atoms, inelastic electron scattering from he- 

29 lium atoms, and the nature of the chemical bond are derived 
in closed form equations based on Maxwell's equations. The 

31 calculations agree with experimental observations. 

A.J. Classical quantum theory .s ■ 




(A.i) 



33 One-electron atoms include the hydrogen^*4sp, B?,* 
Li 2+ , Be 3+ , and so on. The mass-energy ' * ^ 

35 mentum of the electron are constant; th 
equation of motion of the electron be^i 

37 tialty harmonic. Thus, the classical wa 
and V** " ' **? 

39 where p<i\6\ is t» cn^ density function of the elec- 
tron in time and Sag^ jo- general, the wave equation has 

41 an infinite nuribeW^soratwns, To arrive at the solution 
which represen^the electron, a suitable boundary condition 

43 must be imptjsed. ft is well known from experiments that 
each single atomic electron of a given isotope radiates to 

45 the same stable state. Thus, Mills chose the physical bound- 
ary condition of nonradiation of the bound electron to be 



imposed on the solution of the wave equation for the charge 
density function of the electron. The condition for radiation 
by a moving point charge given by Haus [37] is that its 
spacetime Fourier transform does possess components that 
are synchronous with waves traveling at the speed of light. 
Conversely, it is proposed that the condition for nonradiation 
by an ensemble of moving point charges that comprises a 
charge density function is 

For non-radiative states, the current-density function 
must NOT possess spacetime Fourier components that 
are synchronous with wares traveling at the speed of 
light. 

The Haus derivation applies to a moving charge-density 
function as well because charge obeys superposition.. 

From the application of the nonradialive boundary condi- 
tion, the instability of excited stales as welt as. the stability 
of the "ground" state arise naturally in the Milfc theory as 
derived in Stability of Atoms and Hytoios> Section [I]. In 
addition to the above known states of hyoWgen (Eq. ( I ), the 
theory predicts the existence of a previously unknown form 
of matter, hydrogen atoms am? iaoleoites having electrons 
of lower energy than the cotiveational "ground"* state, called 
hydrinos and dihydrinos* respectively, where each energy 
level corresponds to a fractional' quantum number. 

The central field of the proton corresponds to integer one 
charge. Excited states comprise an electron with a trapped 
photon. In all energy states of hydrogen, ihe photon has an 
electric field which superposes with the field of the proton. 
In the n = I state, the sum is one, and the sum is zero in the 
ionized state. In an excited state, the sum is a fraction of one 
: between zero and one). Derivations from first principles 
given by M ills demonstrate that each "allowed" fraction cor- 
responding to an excited state is 1 /integer. The relationship 
between the electric field equation and the "trapped pho- 
ton* source charge-density function is given by MaxwelPs 
equation in two dimensions 



n.(E, -Ei)=-. 



(A.ii) 



1 All other sections than those given in this Appendix and equa- 
tions of the rype#.# correspond to those given m reference one. 



where o is the radial normal unit vector, Ei =0 (Ei is the 
electric field outside of the electron), Ei is given by the total 
electric field at r. = nan, and a is the surface charge-density. 
The electric field of an excited state is fractional; therefore, 
the source charge function is fractional. It is well known 
thai fractional charge is not "allowed". The reason is that 
fractional charge typically corresponds to a radiative current 
density function. The excited states of the hydrogen atom 
are examples. They are radiative; consequently, they are not 
stable. Thus, an excited electron decays to the first non- 
radiative state corresponding to an integer field, n = I (i.e. 
a field of integer one times the central field of the proton). 

Equally valid from first principles are electronic states 
where the magnitude of the sum of the electric field of the 
photon and the proton central field are an integer greater 
than one times the central field of the proton. These states 
are nonradiative. A catalyst can effect a transition between 
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these slates via a nonradiative energy transfer. Substantial 
experimental evidence exists that supports the existence of 
this novel hydrogen chemistry and its applications (7-27). 
Laboratory experiments that confirm the novel hydrogen 
chemistry include EUV spectroscopy [7-18], characteristic 
emission from catalysis and the hydride ion products [8,9], 
lower-energy hydrogen emission [7-9], plasma formation 
[8,9,12-14,16-18], Balmer <x line broadening [10], anoma- 
lous plasma afterglow duration [16,17], power generation 
[10,1 1,18], and anaJysis of chemical compounds [19-25]. 



Appendix B The nature of the chemical bond of 
hydrogen-type molecules and molecular ions 

Two hydrogen atoms react to form a diatomic molecule, 
the hydrogen molecule 



2H[<TH]-Hj{2c' = N/2a 0 l, 



(B.l) 



where 2c 7 is the internuclear distance. Also, two hydrino 
atoms react to form a diatomic molecule, a dihydrino 
molecule 



2H 



2c' =^ 
P 



(B.2) 



where p is an integer. 

Hydrogen molecules form hydrogen molecular ions when 
they are singly ionized 



H 7 [2c = V2a 0 ) - H 2 [2c' = 2a 0 )+ + e~ 



(B.3) 



Also, dihydrino molecules form dihydrino molecular ionsf/ 
when they are singly ionized ^ 



2c' = ■ 



2d -2* 



23 B. /. Hydrogen-type molecular ions 




Each hydrogen-type molecula 
and an electron where the equadfc of n 
is determined by the ce 
proton at each focus ( p ^one I 
ion, and p is an intt 
molecular ion), 
case of a centzajl 

m(r- rd 



m<2re + r£) = 0. 



(B.6) 



3 1 The second or transverse equation, Eq. ( A.6), gives the result 
that the angular momentum is constant 



where I is the angular momentum (A in the case of the 
electron). The central force equations can be Transformed 
into an orbital equation by the substitution, u= l/r. The 
differential equation of the orbit of a particle moving under 
a central force is 



6 2 u -| 
SB 1 +U ~ mL 2 u*/m* 



(B.8) 



Because the angular momentum is constant, motion in only 
one plane need be considered; thus, the orbital equation is 
given in polar coordinates. The solution of Eq. (B.8) for an 
inverse-squared force 



/<r)=- 



r = r 0 



e = A 



I +g 
I +ecos0' 

mLrjm 1 
k 9 

mL 2 /rrr 
'*<!+*)' 



(B.9) 



(B.IO) 



(B.1I) 



(B.I2) 



where e is eccentricity of the ellipse and A is a constant. 
The equation of motion due to a central force can also be 
expressed in tetn&of the energies of the orbit. The square 
of speed in polar coordinates is 

'i? = ir 2 #rV). (B.I3) 

Since a central force is conservative, the total energy, E, is 
equal to the sum of the kinetic, 7\ and the potential, V, and 
is constant. The total energy is 



\mif 2 +r9 )+K(r) = £ = constant. 



(B.14) 



Substitution of the variable u= l/r and Eq. (B.7) into Eq. 
(B.14) gives the orbital energy equation 

•ml 2 /m 2 +« 2 ] +K(u- , ) = £ (B.I5) 

Because the potential energy function V{r) for an 
inverse-squared force field is 



K(r)=- - = 
r 



33 rd = constant = Z./m, 



(B.7) 



(he energy equation of the orbit, Eq. (B.I 5), 

l-V [(&)♦✓]-..-* 

which has the solution 

_ m^/nr*)*-' 

r= 1 + [l ♦ ZEm^^)*- 2 ]'' 2 "**' 



(B.I6) 



(B.I7) 



(B.I8) 
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where the eccentricity, e, is 



(BJ9) 



Eq. (B.19) permits the classification or the orbits according 
to the total energy, £, as follows: 

£ < 0, e < I closed orbits (ellipse or circle), 

£ = 0, e= I parabolic orbit, 

E > 0, e > I hyperbolic orbit. 

Since £ = T + K and is constant, the closed orbits are those 
for which T < \V\ y and the open orbits are those for which 
T 2 It can be shown that the time average of the kinetic 
energy, (f), for elliptic motion in an inverse-squared field 
is \ that of the time average of the potential energy, (K). 

As demonstrated in the One Electron Atom section of 
Mills [1], the electric inverse-squared force is conservative; 
thus, the angular momentum of the electron. A, and the 
energy of atomic orbitspheres (orbitsphere refers to the 
function which represents the bound electron) is constant. In 
addition, the orbitspheres are nonradtative when the bound- 
ary condition is met. 

The central force equation, Eq. (B.14), has orbital solu- 
tions which are circular, elliptic, parabolic, or hyperbolic. 
The former two types of solutions are associated with atomic 
and molecular orbitals. These solutions are nonradiative. 
The boundary condition for nonradiation given in the One 
Electron Atom section, is the absence of components of the 
space-time Fourier transform of the charge-density function 
synchronous with waves traveling at the speed of light. The;/ 
boundary condition is met when the velocity for every pointy 
on the orbitsphere is . 

. 

The allowed velocities and angular frequeno%^related 
to r, by ^^H«. 

(B.21) 



a>» = 



(B.22) 



As demonstrated in the 
Eq. (B.22), this co 
a radial Dirac deM| 
where the angular 

Eq.(B.22^. '\f ?t 
A "*"n£/mv 
m € r; A 

where L is the angular momentum and A is the area of the 
closed geodesic orbit. Consider the solution of the central 
force equation comprising the product of a two-dimensional 
ellipsoid and a time harmonic function. The spatial part of 
the product function is the convolution of a radial Dirac delta 



Ae EleAon Atom section and by 
nfiggglror the product function of 
and a time harmonic function 
r, a>, is constant and given by 

(B.23) 



function with the equation of an ellipsoid. The Fourier trans- 
form of the convolution of rwo functions is the product of 
the individual Fourier transforms of the functions; thus, the 
boundary condition is met for an ellipsoidal-time harmonic 
function when 

nh h 

u>,= — - = 

m e A m t ao 

where the area of an ellipse is 



(B.24) 



A = nab. 



(B.25) 



where 2b is the length of the semiminor axis and 2a is the 
length of the semimajor axis. The geometry of molecular 
hydrogen is elliptic with the intemuclear axis as the prin- 
cipal axis; thus, the electron orbital is a two-dimensional 
ellipsoidal -time harmonic function. The mass foJIows 
geodesies time harmonically as determined by the central 
field of the protons at the foci. Rotatiorjai syrnmetry about 
the interauclear axis further determines that the orbital is a 
prolate spheroid In general, ellipsoidal orbits of molecu- 
lar bonding, hereaAer referred to as ellipsoidal molecular 
orbitals (MOs), have the general equation 

x 2 v 3 z 2 

+ # + C 2 

The semiprincipaJ axes of the ellipsoid are <i,»,c. 
In ellipsoidal coordinates the Laplacian is 



(B.26) 



(B.27) 



fa ellipsoidal MO is equivalent to a charged conductor 
/whose surface is given by Eq. (B.26). It carries a total charge 
q f and its potential is a solution of the Laplacian in ellip- 
soidal coordinates, Eq. (B.27). 

Excited states of orbitspheres are discussed in the Excited 
States of the One Electron Atom (Quantization) section. In 
the case of ellipsoidal MOs, excited electronic states are 
created when photons of discrete frequencies are trapped 
in the ellipsoidal resonator cavity of the MO. The photon 
changes the effective charge at the MO surface where the 
central field is ellipsoidal and arises from the protons and 
the effective charge of the "trapped photon" at the foci of 
the MO. Force balance is achieved at a series of ellipsoidal 
equipoiential two-dimensional surfaces confocal with the 
ground state ellipsoid. The "trapped photons'* are solutions 
of the Laplacian in ellipsoidal coordinates, Eq. (B.27). 

As is the case with the orbitsphere, higher and lower 
energy states are equally valid. The photon standing wave 
in both cases is a solution of the Laplacian in ellipsoidal 
coordinates. For an ellipsoidal resonator cavity, the 
relationship between an allowed circumference, 4a£, and 
the photon standing wavelength, X, is 



4aE = ni. 



(B.28) 
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where n is an integer and where 



k = 



Va 2 -b 2 



(B.29) 



large ( — ► r 2 and hence at great distances from the origin 

(B.35) 



is used in the elliptic integral £ of Eq. (B.28). Applying 
Eqs. (B 28) and (B 29), the relationship between an allowed 
angular frequency given by Eq. (B.24) and the photon stand- 
ing wave angular frequency, cu, is 
nh ft h t 

— 1 ~ 7- = r = 3 w i = °>«' (B.30) 

nitA m t no\no\ m t a m o* nr 

where n = 1,2,3,4, 



The solution Eq. (B.32) is, therefore, regular at infinity. 
Moreover, Eq. (B.35) enables us to determine at once ihe 
vahie of Ci ; for it has been shown that whatever the distri- 
bution, the dominant term of the expansion at remote points 
is the potential of a point charge at the origin equal to the 
total charge of the distribution — in this case q. Hence 
Ci = ?/8fl£t, and the potential at any point is 



a>i is the allowed angular frequency for n = I, a\ and by are 
the allowed semi major and semirninor axes for n = I. 

Let us compute the potential of an ellipsoidal MO which 
is equivalent to a charged conductor whose surface is given 
by Eq. (B.26). It carries a total charge q, and we assume 
initially that there is no external field. We wish to know the 
potential, <p, and the distribution of charge, ff, over the con- 
ducting surface. To solve this problem a potential function 
must be found which satisfies Eq. (B.27), which is regular 
at infinity, and which is constant over the given ellipsoid. 
Now c is the parameter of a family of ellipsoids all confocaJ 
with the standard surface £ = 0 whose axes have the speci- 
fied values <?, b t c. The variables ( and rj are the parameters 
of confocal hyperboloids and as such serve to measure po- 
sition on any ellipsoid { = constant. On the surface c = 0; 
therefore, <p must be independent of ( and rf. If we can find 
a function depending only on { which satisfies Eq. (B.27) 
and behaves properly at infinity, it can be adjusted to repre- 
sent the potential correctly at any point outside the ell ipso i 

Let us assume, then, that 0 = <p{(). The Laplacian retraces 

to 



(B.36) 



The equipotenlial surfaces are Ihe ellipsoids C = constant. 
Eq. (B.36) is a elliptic integral and its values have been 
tabulated (38). ..t'f . 

To obtain the normal derivative we matt remember that 
distance along a curvilinear coordinate "Jri tj ; measured not 
by du' but by h,du'. In ellipsoidal coordunies 



h, -2 * / ,; 

s<f> _ i 54 _ -va i 

The density :of charge, <r, over the surface ; = 0 is 



(B.37) 



(B.38) 



(B.39) 



which on integration leads to 

where G is an arbitrary 
limit is such as to 
When c becoi 






^ iny*i?jk,r in terms of f,/f,C we put < = 0, it may be 
casS^verified that 

+ £ ( < =0) - (B40) 

Consequently, the charge-density in rectangular coordinates 
is 



(B.4I) 



The choke of the upper 
behavior at infinity, 
approaches < 3/7 and 

(B.33) 



(The mass density function of an MO is equivalent to its 
charge-density function where m replaces q of Eq. (B.41 )). 
The equation of the plane tangent to the ellipsoid at the point 
x 0 ,y^ZQ is 



(B.42) 



On the other HaneVthe equation of an ellipsoid can be written 
in the form 



where XY.Z are running coordinates hi the plane. After 
dividing through by the square root of the sum of the squares 
of the coefficients of X, Y, and Z, the right member is the 
distance D from the origin to the tangent plane. That is 



D = 



1 



-r + 



r + 



I + a* ft I + b*/i 1 + C*/C 



(B.34) 



so that 



If r 2 = .r + y 2 + r is the distance from the origin to any 
point on the ellipsoid c, it is apparent that as c becomes very 



a = 



Anabc 



(B.43) 



(B.44) 
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In other words, the surface density at any point on a charged 
ellipsoidaJ conductor is proportional to the perpendicular 
distance from the center of the ellipsoid to the plane tangent 
to the ellipsoid at the point. The charge is thus greater on the 
more sharply rounded ends farther away from the origin. 

In the case of hydrogen-type molecules and molecu- 
lar ions, rotational symmetry about the intemuclear axis 
requires that two of the axes be equaJ. Thus, the MO is 
a spheroid, and Eq. (B.36) can be integrated in terms of 
elementary functions. If a > 6 = c, the spheroid is prolate, 
and the potential is given by 



29 



31 



33 



35 



I 



8neo n/?^ 1 " vT+? " SF^P* 



(B.45) 



Spheroidal force equations electric force. The spheroidal 
MO is a two-dime nskmaJ surface of constant potential given 
by Eq. (B.45) for £ = 0. For an isolated electron MO the 
electric field inside is zero as given by Gauss* Law 



dK, 



(B.46) 



where the charge-density, p, inside the MO is zero. Gauss* 
17 Law at a two-dimensional surface is 



n (Ei - E 2 ) = - 



(B.47) 



E 2 is the electric field inside which is zero. The electric field 
of an ellipsoidal MO is given by substituting o given by Eq. 
(B.38) and Eq. (B.39) into Eq. (B.47) 

(B.48) 



eo 47tCo \ZU - fX< -O 
2 1 The electric field in spheroid coordinates is 



E = 



q \ I I 



From Eq. (B.30), the magnitude of the ell) 
responding to a below "ground state" hy 
ular ion is an integer. The integer is i 
hydrogen molecular ion and an 

the case of each dihydrino moleL 

trie force from the two protons, 4 

where p is one fol^lrProgen molecular ion, and p is 
an integer greater tfaaifone for each dihydrino molecule and 
molecular ion* 

Centripetal force. Each infinitesimal point mass of the 
electron MO moves along a geodesic orbit of a spheroidal 
MO in such a way that its eccentric angle, 0, changes at a 
constant rate. That is 9 = tot at time t where to is a constant, 
and 



r(t) = \acos(ot + #sin«X 



(B.5I) 



is the parametric equation of the ellipse of the geodesic. If 37 
a(/) denotes the acceleration vector, then 



a(/)= -o> 2 r<0. 



(B.52) 



In other words, the acceleration is centripetal as in the case 39 
of circular motion with constant angular speed u>. The cen- 
tripetal force, F e , is 41 



F e sffia = - m(o : r[t). 



(B.53) 



Recall that nonradiation results when <o = constant given by 

Eq. (B.30). Substitution of w given by Eq. (B.30) into Eq. 43 

(B.53) gives ./ 



-ft 2 -h 2 



^(B.54) 



where D is the distance from the origin, t^the tan^nt plane 45 
as given by Eq. (B.43). If* is deinWai.fbilows: 



(B.55) 



Then, it follows from Eqs. (B138), (B.44), (B.48), and 47 
(B.50) that 



D = 2ab l Xk$ 



(B.56) 




&:1^&ralf8alance of hydrogen- type molecular ions 
^fg^e^lalaiKe between the electric and centripetal forces 
is ^ 



(B.57) 



which has the parametric solution given by Eq. (B.5 1 ) when 

(B.58) 



B.1.2. Energies of hydrogen-type molecular ions 

From Eq. (B.30), the magnitude of the elliptic field corre- 
sponding to a below "ground state" hydrogen- type molecule 
is an integer, p. The potential energy, K f , of the electron 
MO in the field of magnitude p times that of the protons at 
the foci (<=0) is 

-Ape 1 , <? + vV - fr 2 



(B.59) 



where 



(B.60) 
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Id is the distance between the foci which is the intemuclear 
distance. The kinetic energy, 7\ of the electron MO is given 6 1 
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by the integral of the left-hand side of Eq. (B.57) 
2A 3 



r = 



In 



i + vV - b 2 



n e a ^a 2 - b 2 a - vV - b 2 



(B.61) 



From the orbital equations in polar coordinates, Eqs, {B. 1 0>- 
(12), the following relationship can be derived: 

mLr/m 1 



For any ellipse. 



b = aV\ - e 2 
Thus, 

b 



(polar coordinates X 



(B.62) 



(B.63) 



(B.64) 



Using Eqs. (B.S4) and (B.61), and (B.16) and (B.61), re* 
7 spectivety, it can be a ppreciat ed that b of polar coordinates 

corresponds to c = Va 2 - b 2 of elliptic coordinates, and * 
9 of polar coordinates with one attracting focus is replaced by 

2k of elliptic coordinates with two attracting foci. In elliptic 
1 1 coordinates, * is given by Eq. (B.48) and (B.50) 



4jico 



(B.65) 



and L for the electron equals ft; thus, in elliptic coordinates 

(B.66) 



me 2 2 pa 

Substitution of a given by Eq. (B.58) into Eq. (B.66) is 

(B.67 



~ P 



The intern uclear distance from Eq. (B.67) is 2c' 
One-half the length of the semi minor axis of 
spheroidal MO, b = c, is 



19 



b^y/a 2 -c*. 

Substitution of a = 2a 9 /p and c' =?j£$gSo\ 
b^—ao. ^ 1 

The eccentricity, e, is '| 

■ ^ 

Substitution of dr= 2i7j//> and c 7 = <io//> in, ° E<1- (B.70) is 
e-i. (B.71) 



(B.70) 



The potential energy, Kp, due to proton-proton repulsion in 
2 1 the field of magnitude p times that of the protons at the foci 
(C=0) is 



23 



9 Zntoy/a 2 - b 1 



(B.72) 



Substitution of a and b given by Eqs. (B.58) and (B.69), 


respectively, into Eqs. (B.59), (B.61), and (B.72) is 




(B.73) 


y — 


(B.74) 




(B.75) 


£ t = ^ + k p + 7; 


(B.76) 


E T = 1 3 .6 e V( -4 p 2 In 3 + p 2 + 2 p 2 In 3 ) 





= -/T 16.28 eV. %J8.77) 

The bond dissociation energy, Eo* is the dSrfereltte between 
the total energy of the corresponding hydttgen atom or hy- 
drino atom and Ei 

= 13.6 + p 2 jft^V^ J 2.68 eV. (B.78) 




B./.i. Vibz4ttdrtv£ hydrogen-type molecular ions 
An osciifa$og charge ro(0 = d jm cool has a Fourier spec- 

cos 0<*){3{a> - (m + 1 Voo] 

+ *[a>-(m- l)a)o]}, (B.79) 

y^j are Bessei functions of order m. These Fourier 
lomponents can, and do, acquire phase velocities that 
are equal to the velocity of light [37]. The protons of 
hydrogen-type molecular ions and molecules oscillate as 
simple harmonic oscillators; thus, vibrating protons will 
radiate. Moreover, nonoscillating protons may be excited 
by one or more photons that are resonant with the oscilla- 
tory resonance frequency of the molecule or molecular ion, 
and oscillating protons may be further excited to higher 
energy vibrational states by resonant photons. The energy 
of a photon is quantized according to Planck's equation 

(B.80) 



E = \<0 = hj. 

The energy of a vibrational transition corresponds to the 
energy difference between the initial and final vibrational 
states. Each state has an electromechanical resonance fre- 
quency, and the emitted or absorbed photon is resonant with 
the difference in frequencies. Thus, as a general principle, 
quantization of the vibrational spectrum is due to the quan- 
tized energies of photons and the electromechanical reso- 
nance of the vibrational ly excited ion or molecule. 

It can be shown that a perturbation of the orbit determined 
by an inverse-squared force results in simple harmonic 
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given as the potential energy with x -A 
Thus, 



(B.99) 



(B.I0O) 



It is shown in the Excite States of the One Electron Atom 
(Quantization) section that the change in angular velocity 
of the electron orbitsphere, Eq. (2.21), is identical to the 
angular velocity of the photon necessary for the excitation, 
o>phoi« (Eq. (2.19)). The energy of the photon necessary to 
excite the equivalent transition in an electron orbitsphere is 
one-half of the excitation energy of the stationary cavity 
because the change in kinetic energy of the electron orbit- 
sphere supplies one-half of the necessary energy. The change 
in the angular frequency of the orbitsphere during a transi- 
tion and the angular frequency of the photon corresponding 
to the superposition of the free space photon and the photon 
corresponding to the kinetic energy change of the orbitsphere 
during a transition are equivalent The correspondence 
principle holds. It can be demonstrated that the resonance 
condition between these frequencies is to be satisfied in order 
to have a net change of the energy field [41]. The bound 
electrons are excited with the oscillating protons. Thus, the 
mechanical resonance frequency u* is only one that of the 
electromechanical frequency which is equal to the frequency 
of the free space photon to which excites the vibrational 
mode of the hydrogen molecular ion. The vibrational energy 
£wb corresponding to the photon is given by 



2kA 



(B.IPI 



where Planck's equation (Eq. (B.80)) was used. Jl^redSeeo^ 
mass is given by £" jj, , _ ^ 



m\ mi 




^ ^(B.102) 



A = 



(B.103) 



Since the protons are W&LfiXb&'Md vibrate about the center 
of mass, the n^SjSnM^pJirude is given by the reduced 
amplitude ^miiatgrs^o by 



(B.I04) 



where A m is the amplitude of proton n if the origin is fixed. 
Thus, Eq. (B.103) becomes 



(B.IOS) 



and from Eq. (B.%), A^* is 

. i ffu^ i /T/it\ ,/4 



(B.I06) 



The total energy of a hydrogen-type molecular ton is given 
by substituting Eqs. (B.59), (B.61), and (B.72) into Eq. 
(B.76) 

E T = v t + y 9 + T 



-4pe> 



■ r ~ ^ a+y/a 2 -!? pe 2 
ZxsoVa 2 - & n a - ^a 2 - b 2 8rre<>vV - b 2 



2h 2 



In 



m^ay/a 2 - & a — y/a 2 — tr 1 
2A 2 



m f a 



87l£o 



1 



. In ■ ■ 'I — r* 



Into^o 2 - 




(B.I07) 




From Eq. (B.68), me^t^ucleW distance 2c' is given by 

2c' = 2 V / ^E '% (B.I08) 

A hydrpgerM|rpe rrfplecuJar ion comprises two nuclei at the 
foci aid a^el&qpS at a prolate spheroid MO. To conserve 
n^idutim^yge oscillation of the molecular ion comprises 
< a,iime averaged increase in the tnternuclear distance with a 
■ tirri&averaged increase in the semiminor axis. This cone- 
spontff to motion of the nuclei in phase with the electron, 
total energy is a function of the semimajor axis a and 
The displacement x corresponds to the amplitude of the 
time averaged increase in the distance from the origin to 
each focus d with a time averaged semimajor axis a. Thus, 
the perturbated intemuclear distance 2c" is given by 



2c" = 2(c' + x) = 2( v 7 * 2 + x \ 



(B.I09) 



n , , , / h 2 4mo fa J a 9 



TTius, 



(B.I10) 



(B.III) 



The solution to the force balance equation (Eq. (B.57)) for 
a is 2/To/p, and the solution for c' given by Eq. (B.67) is 



c' — — 



(B 112) 
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The relationship between 2c" and the perturbated semimajor 5 1 
axis a' follows from Eq. (B.66) 
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I From Eq. (B. 107), £ T v*. the total energy including vibration 
M-ith the perrurbated origin-to-nucleus distance c" and the 
3 perrurbated semi major axis a' is given by 



Eq. (B. II 7) gives 



2h 2 _ Ap£\ J_ a' + c" + pe* 
m^a* 8ke<> \ c" * of -c" 8*EoC"' 



(B.I13) 



= /Tl3.6 eV 



Substitution of Eqs. (A. 12.1 10), (A.I 1 1 ) and (B.I 1 1) into 
5 Eq. (B.M3) gives 



0 + 



2h 2 



i 



In 



i(i^Hi^) + _^_ 

(B.114) 



( , + *iwi(W 
/ — 5 — ~7i — \ 



A solution to 
p 2 l3.6eV 



Etv* = 



Ve 1 



In 4 2-4 + 



(l + ^) 8^0(1 + **)' 



(B.II5) 




+ 2 In 3 — I 



p'l3.6eV 

CTv» = -, \ 



(•*4-)il(-+4*y 

In ) 2-f + I > . 

(' + if*) J 



-4 



The vibrational energy £** is given 
7 the total energy of the 



(Eq. (B.77)) and that of the 
9 (Eq.(B.ll6)) 

Ev* = Ety*> - £t = 





(B.119) 



(B.I20) 



13 



15 



rerence in 
ion £t 



itingnolecular ion £jv» 



(3 + U*) 
In-) + | 

0 + ^) 



+ 2ln3-l 



(B.I 17) 



The maximum displacement x is the reduced amplitude 
1 1 ^«*r<d given by Eq. (B.I 06). Substitution of ^ into 



./<aind by reiteration is 

* = /> 4 l68Nm~\ 

A harmonic oscillator is a linear system as given by 
Eq. (B.94X thus, the resonant vibrational frequencies for 17 
hydrogen-type molecular ions with protons given by Eq. 
(B.%)and^.(B.120)fortheviorationaltransition^ — Vf 19 
are 

(Oof -UM» = &Q)=P ]J — 

= p 2 ^ 168 ^" 1 " = /> 2 4.48 x I0 M radians/s, 

(B.121) 

where 0 is an integer. From Planck's equation (Eq. (B.80) 21 
and the vibrational frequencies (Eq. (B.I 21)), the vibra- 
tional energies £V* of hydrogen-type molecular ions are 23 

£ vjb = (r f - Ci)/r0.2962eV. (B.I 22) 
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I The experimental vibrational energy of the hydrogen molec- 
ular ion [43] is 



£vfb = 0.288 eV. 



(B.I23) 



3 The amplitude of oscillation given by Eqs. (B.I 06) and 
(B.I20) is 



A = {v r - r,)- 
= (t>r - Pi) 



2 3 *(/rM68 Nm* 1 /i)" 4 
5.93 x IO- ,2 m 



(B.I24) 



The energy spacing of each of the transitions of (he 
vibrational spectrum is approximately given by Eq. (B. 122). 
However, slight departure is anticipated as higher states are 
excited due to the distortion of the molecular ion in these 
states. The actual transition energy may be calculated from 
Eq. (B.117) wherein the energy difference corresponds to 
the initial and final states as opposed to the ground vibra- 
tional state and the first vibrational state, and higher order 
terms in the perturbation series are included. 

B.2. Hydrogen-type molecules 

B 2 I, Force balance of hydrogen- type molecules 

Hydrogen-type molecules comprise two indistinguishable 
electrons bound by an elliptic field. Each electron experi- 
ences a centrifugal force, and the balancing centripetal force 
(on each electron) is produced by the electric force between 
the electron and the elliptic electric field and the magnetic 
force between the two electrons causing the electrons to^/v 
pair. In the present case of hydrogen-type molecules, if ih<f* 
eccentricity equals l/\/2, then the vectorial projection ofthe*^ 
magnetic force between the electrons, \/3/4 of Eqffi.lS) 
of the Two Electron Atom section, is one. 
will be solved by self-consistency. Assume 
the force balance equation given by Eq. 
Electron Atom section and Eq. (B.57) 



h 2 



m t a*b* 



2ab 2 X 



2 ftp ap _ 
pa pa 



a = — . 
P 




29 Subsritutiott of E^vjfB. 1 27) into (B.66) is 



(B.128) 



Substitution of Eqs. (B.127) and (B.I28) into Eq. (B .68) is 



31 



. , I 
b-c = — -=<7&. 

py/2 



(B.129) 



Substitution of Eqs. (B.127) and (B.128) into Eq. (B.70) is 



(B.I30) 



The eccentricity is I/n/2; thus, the present self-consistent 33 
solution which was obtained as a boundary value problem 
is correct The internuclear distance given by multiplying 35 
Eq. (B.128) by two is a 0 \/2/p. 



B. 2, 2. Energies of hydrogen- type molecules 

The energy components defined previously for the mole- 
cular ion, Eqs, (B.73H 12.77), apply in the case of the 
corresponding molecule. And, each molecular enei& com- 
ponent is given by the integral of correspond^ Jj£e in 
Eq. (B.I25) where each energy compone 
the two equivalent electrons. The paran 
given by Eqs. (B.127) and (B.129), 



Vp - 



8nco yja 2 - b 2 ^ * t - 




T = 



h 2 



In 



<r+ vV -b 2 



2m,aV«? - a - vV - b 2 



(B.I33) 



In 



a + nAt 2 - b 2 



^ tmeay/a 2 - b 2 "' a - yja 2 - b 2 * 
Br = V, + T+V m + V ?f 

£ T = -l3.6eV |^2p 2 v^-p 2 v/2 + ^»^j 
72+ 1 



(B.134) 
(B.135) 



In- 



-/> 2 >/2 



-/> z 31.63, 



(B.136) 



(B.I 37) 
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The energy, corresponding to the magnetic force of Eq. 45 



47 
49 



V5-I 

£ ( 2H [?]) = " 2 ^ 116CV ' 

The bond dissociation energy, E o, is the difference between 
the total energy of the corresponding hydrogen atoms or 
hydrino atoms and Ft 

Ed = E (2H |~]) - £ T = - 2 /> 2 13.6 + /T31.63 eV 
= p 2 4.43 eV. (B.138) 



B.2.3. Vibration of hydrogen-type molecules 

The vibrational energy levels of hydrogen-type molecules 5 1 
may be solved in the same manner as hydrogen-type 
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I molecular ions given in Section BJ.3. The total energy 
of i hydrogen-rype molecule is given by substituting Eqs. 
3 (B.59), (B.6l)and (B.72) into Eq. (B.76) 

E T = K e -l- T + V m + v 9 

= ~ 2f * 2 In a ^^ r ^ + h * 



II 



13 



IS 



19 



2/n f av / ff 2 - a 2 



In , + 



(B.139) 



2pg* ft 2 1 I 

^ 



In , . . A + 



a - Va 2 -fr 2 8ff£ovV -fr 2 ' 



(B.140) 



I 



: ln 



4m f a 8nco J Va 2 - fr 2 " a - Va 2 - 0 2 

(B.14I) 

From Eq. (B.68), the intemuclear distance 2c 7 is given by 



8rt£oV^ - ^ 



2c' = 2V^-P. (B.I42) 
Thus, the total energy of the nonoscillating molecule is 

4m € a 8*reo J C a - c* SneoC 

(B.I43 



£"t = 



The relationship between 2c* and the semimajor ax 



7 lows from Eq. (B.66) 



2c' = 2aJ± 
y mi 




Substitution of Eq. (B.144) into 



r = f JL - 2^*11 2 
T [4m,a 8w»J Ci 



(B.145) 



A hyoV>gen^yj^^bciLrFrornpri3es two nuclei at the 
foci and two uKjKffiNBbie electrons at the same pro- 
late spheroid M|fcT%rwo electrons are spin-paired with 
the motion^one^Jectron being the mirror image of that 
of the other. Tc>sofiserve momentum, the oscillation of the 
molecule comprises a time averaged decrease in the intemu- 
clear distance and a time averaged increase in the semiminor 
axis relative to the stationary molecule. This corresponds to 
in-phase motion of the electrons thai is opposite to that of 
the protons. The total energy is a function of the semima- 
jor axis a and the distance from the origin to each focus c . 



The energy terms which are a function of the intemuclear 
distance increase in magnitude and those that depend on the 
semiminor axis decrease in magnitude. The displacement x 
corresponds to the amplitude of the time averaged decrease 
in the distance from the origin to each focus c' and increase 
the time averaged semimajor axis a. Thus, the perturbated 
semimajor axis a' is given by 

a'=a + x. (B.146) 

From Eq. (B. 144), the perturbated origin-to-nucleus distance 
c" is given by 



I {a -x)ao 





From Eqs. (B.I45), (B.I46X and (BjjZl^P* lhc 
total energy including vibration wiA^8fW«!iuty>ated 
origin-to-nucleus distance c" and the pert&ated jjrnimajor 
axis d is given by v^Sj^Steg^ 

r -f # 2^1 ■ .■- yip^b- « . PS 
£t ** " 1*^7 into J c£%2}J*SH? - I 8k*c" ' 

(B.I48) 

The solution to the force »Jance£equation (Eq. (B.125)) for 
a given by Eq. 

-2^. V (B.I49) 



(B.150) 



(B.I51) 




(B.147)and Eq. (B.I50) 



Substitution of Eqs. (B.I 50), and (BJ51) into Eq. (B.148) 
gives 



IE* 

4m,(a+Jt) 8ff* 
+ 1 



I 



In 



pe 1 



ft**)- 



(B.152) 



p 2 h 2 2pV n/2 
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_ n/2/t13.6cV 



A solution to 



1/2 



(■♦**) 

v/2/rl3.6eV 
1/2 



+ 1 



(B.I54) 



p 2 \ye cv 



- 2 



InX ^= + , 



^0 - 



1/2 



- 2 



J 2 + %it$7* + 1 



In 



^ (B.I58) 



(B.155) 

I The vibrational energy £V* is given by the difference in the 
total energy of the nonoscillatmg molecule Er (Eq. (B. 136)) 
3 and that of the oscillating molecule £ T «b (Eq. (B.155)) 



1/2 



In 



2 + + 1 



+ 1 



The maximum displacement x is the reduced .amj 
^rnhxed given by Eq. (B.106). Substitution 
Eq. (B.156) gives 




found by reiteration is ^ 9 

* = p 4 570 Nm"'. ' % " (B.159) 

The resonant vibrational. rSo^iencies for hydrogen-type 
molecules with prototf nutlet given by Eq. (B.96) and Eq. 1 1 
(B.159) are >f 



— = p 2 8.2 x 10 M radians/s. (B.I60) 



s equation (Eq. (B.80) and the vibrational 
tes (Eq. (B.I 60)), the vibrational energies £wb of 
drogen-type molecules are 



£v» = /0.543 eV. 



(B 161 ) 



= p J a6e^ 




>/2\ , \/2+ I 



1M)> 



v^-l 



(B.I57) 



,4 = 



2^(p*570Nm- 1 ji)" 4 



(B.I63) 



Due to the pairing of the two electrons, the vibrational 
energies of hydrogen-type molecules are nonlinear as a 
function of the vibrational quantum number v. The energy 
spacing of each of the transitions of the vibrational spec- 
trum is approximately given by Eq. (B 158) wherein the 
corresponding amplitude of the proton displacement of each 
state is approximately cAmimnd- The lines do become more 
closely spaced as higher states are excited due to the distor- 
tion of the molecule in these states. The actual transition en- 
ergy may be better calculated from Eq. ( B. 1 56) wherein the 
energy difference corresponds to the initial and final states 



13 



15 



The experimental vibrational energy of the hydrogen 
molecule [43] is 1 7 

E** = 0MS eV. (B.162) 

The amplitude of oscillation given by Eqs. (B.106) and 
(B.159) is »9 
>/h 437 x l<T ,J m 
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I as opposed to the ground vibrational state and the first 
vibrational state, and higher order terms in the perturbation 
3 series are included. 

B.3. The hydrogen molecular ion hh^c' = 2tfo] + 



B.3.I. Force balance of the hydrogen molecular ion 

Force balance between the electric and centripetal forces 
is given by Eq. (B.57) where p = I 



m t a~br 4/TEo 



(B.I64) 



which has the parametric solution given by Eq. (B.5 1 ) when 
a = 2a<>. (B.I65) 

9 The semimajor axis, a. is also given by Eq. (B.58) where 
. p = I. The intern uclear distance, 2c', which is the distance 
1 1 between the foci is given by Eq. (B.67) where p = I 



2c = 2tf<>- 



(B.I66) 



The experimental in tern uclear distance is 2a». The semimi- 
13 nor axis is given by Eq. (B.69) where p= I 

b=V}a<>. (B.I 67) 

The eccentricity, e, is given by Eq. (B.71) 

e=\. (B.168) 



1 5 B.3.2. Energies of the hydrogen molecular ion 

The potential energy, V t , of the electron MO in the field 
17 of the protons at the foci (4 = 0) is given by Eq. (ft^9; 
where p = I 

-4e* 



r + vV - y 
8/reovV - b 2 "a - Va* - b* 



:ln 



19 The potential energy, K p , due to proti 
given by Eq. (B.72) where /?= 1 



V,' 



(B.I70) 



2 1 The kinetic energy, 7", olgbe electron MO is given by Eq. 
(B.6I ) where p= I *%%^ 



2h l 



(B.17!) 



m,<?\/^ --l^/frp- Va 2 - b 2 ' 

23 Substitution of a arid b given by Eqs. (B. 165) and (B. 167), 
respectively, into c*qs. (B.I 69), (B.I 70), and (B. 171) is 

-4^ 



25 



Zntoao 

y — 

9 8fteo"o 



In3=- 59.763 eV, 
= !3.6eV, 



(B.172) 
(B.I73) 



r = 



2^ 



In 3 = 29.88 eV, 



8tteoJo 
f r = K e + K p + T. 

£r = - 16.282 eV, 

£(H[oh])=- 13.6 eV, 

Ej = v t + v 9 + r, 



27 

(B.I74) 
(B.I75) 
(B.I 76) 

(B.I77) 



£ T = 13.6eV(-4!n3+ l + 2In3)=- 16.28 eV. ; > 

.#(Btl78) 

The bond dissociation energy, £b, is the difference between 

the total energy of the corresponding hydrogen atfem and Ej 27 

Ev = e(h ^j^j -£>=-! 3^1^"eV*= 2.68 eV. 

Eqs. (B.I72H12.179>^feeoS^cn< «> Eqs. (B.73)- 

( 12.78) where p = LifSf^Jafc^ntal bond energy of the 29 

hydrogen molecular Sob ffc] is 

£o = 2.651 eV^;, 



(B.180) 




B.3^^0atioWof the hydrogen molecular ion 3 1 

aJt caBfc&lfdwn that a perturbation of the orbit determined 
^owwin^fit- squared force results in simple harmonic oscil- 33 
latoTOmotion of the orbit [39]. The spring constant k for the 
drogen molecular ion with protons given by Eq. (B. 120) 35 



*= 168 Nm" 



(B.18I) 



wherein p= 1. The resonant vibrational frequency for the 37 
hydrogen molecular ion with protons given by Eq. (B.I2I ) 
is 



39 



CDo = 



168 Nm" 



5 4.48 x 10 ,4 radians/s, 



(B.182) 



The vibrational energy £** of the hydrogen molecular ion 
given by Eq. (B.122) is 

0.2962 eV. (B.183) 

The experimental vibrational energy of the hydrogen molec- 
ular ion (42] is 

£v* = 0.288 eV. (B.I84) 
The amplitude of oscillation given by Eq. (B.I 24) is 



41 



43 



2^(168 Nm-'/iy* 



= 5.93 x 10~ ,2 m. 



(B.185) 
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I B. 4. The hydrogen molecule H 2 [2c' = \/2ao\ 

B.4.1. Force balance of the hydrogen molecule 
3 The force balance equation for the hydrogen molecule is 
given by Eq. (B.I 25) where p = I 



m r a-tr 4n€o m,<r o* 



(B.I 86) 



5 which has ihe parametric solution given by Eq. (B.51 ) when 

a = a 0 . (B.I 87) 

The semimajor axis, a, is also given by Eq. (B.127) where 
7 p-\. The in tern uc I ear distance, 2d , which is the distance 
between the foci is given by Eq. (B.I28) where p= I 

2c' = v / 2a 0 . (B.I 88) 

9 The experimental intern uclear distance is y/laa. The 
semi minor axis is given by Eq. (B.I29) where p = I 



. I 

1 1 The eccentric iry. e\ is given by Eq. (B.I30) 
I 



E{2H[a H ))= - 27.21 eV. (B.197) 

The bond dissociation energy, £q, is the difference between 

the total energy of the corresponding hydrogen atoms and Ej 2 1 

E D = E ( 2H(ffH ] ) - E T = - 27.2 + 3 1 .63 eV = 4.43 e V. 

(B.I98) 

The experimental bond energy of the hydrogen molecule 

[42] is 23 

£"o = 4.478 eV. (B.199) 

B.4.3. Vibration of the hydrogen molecule ^ 

It can be shown that a perturbation of the orbinietdrrnined 25 
by an inverse-squared force results in jjmp^ftazinonic 
oscillatory motion of the orbit [39]. Trfi spring constant 27 
k for the hydrogen molecule witrup^^^^iyen by Eq. 
(B.I59)is # ' 29 



e =■ 



V2' 



(B.I 89) 



(B.I90) 



* = 570Nm" 



(B.200) 



wherein p= I. The resomm^iOTalBnal frequency for the 
hydrogen molecule with ^ton^given by Eq. (B.I 60) is 



The finite dimensions of the hydrogen molecule are evident 
13 in the plateau of the resistivity versus pressure curve of 
metallic hydrogen [43]. 



/570NnSl\ 



= 8.2 x I0 M radians/s. 

* V 

raonaj energy £ v a> of the hydrogen molecule given 



(B.20I) 



15 B.4.2. Energies of the hydrogen molecule ^ 

The energies of the hydrogen molecule are given by Eqs. £^^0.543 eV. 
17 (B.I31HI2.137) where p=\ #^ ^ 

A^UffioK 



(B.202) 




experimental vibrational energy of the hydrogen 
tlecule [43] is 

£v* = 0.545 eV. (B.203) 
The amplitude of oscillation given by Eq. (B.I 63) is 



= 4.37 x I0' ,J m. 



" 2m,avV - b* a- vV*** 2 
The energy, V m> of the magnet* JoreTls 



2^(570 Nm* 1 /!) 1 ' 4 
B.5. The dihydrino molecular ion H 2 [2c' = <*>] + 



(B.204) 




E T = y t + T + v m ' + v» 



Ej = -13.6 eV [^v 7 ! - v 7 ! + ^ 
. y/2 + I 



19 



- n/II = - 31.63 eV. 



(B.194) 
(B.I95) 

(B.196) 



(B.205) 
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B.SJ. Force balance of the dihydrino molecular ion 

Force balance between the electric and centripetal forces 39 
is given by Eq. (B.57) where p ~ 2 



m^b 2 " 4*£o 
which has the parametric solution given by Eq. ( B.5 1 ) when 4 1 
a = *o. <B.206) 

The semimajor axis, a, is also given by Eq. (B.58) where 

p = 2. The internuclear distance, 2c\ which is the distance 43 
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I between the foci is given by Eq. (B.67) where p = 2 

2c=a 0 . (B.207) 
The semi minor axis is given by Eq. (B.69) where p= 2 

(B.208) 



29 



b = —a 0 . 



The eccentricity, e, is given by Eq. (B.71). 



B.5.3. Vibration of the dihydrino molecular ion 

It can be shown that a perturbation of the orbit determined 2 1 
by an inverse-squared force results in simple harmonic oscil- 
latory motion of the orbit [39). The spring constant * for the 23 
dihydrino molecular ion with protons given by Eq. (B.I20) 
is 25 



(B.209) 



* =2*168 Nm" , =2688Nm"', 



(B.220) 



B.5.2. Energies of the dihydrino molecular ion 

The potential energy, V %y of the electron MO in the field 
of magnitude twice that of the protons at the foci ({ = 0) is 
given by Eq. (B.59) where p~2 



wherein p = 2. The resonant vibrational frequence for the 
dihydrino molecular ion with protons given by $gr\f^}2l ) 27 
is 



-8e> 



8jt£oVV - b 2 '"a- Va 2 -b 2 ' 



In 



(B.2I0) 



The potential energy, K p , due to proton-proton repulsion in 
9 the field of magnitude twice that of the protons at the foci 
U = 0) is given by Eq. (B.72) where p = 2 

2f 



... %. 



The vibrational energy Ev^?vft^ti$$nw molecular ion 29 

(B.222) 



P Snzoy/a 2 - b 2 ' 



(B.2I1) 



1 1 The kinetic energy, 7\ of the electron MO is given by Eq. 
(B.6I) where p~2 

2h 2 



r = 



In 



a + Va 1 - b 2 



(B.2I2) 



given by Eq. (B.122) is^'^^f""^ 1 
£ v * = 2 2 (0.2962) tV%U}*5 eV. 
The amplitude of oscillation given by Eq. (B.I 24) is 

2^(2f<l68$ftm-V) ,/4 



= 2.97 x 10" 12 m. 



m f ay/a 2 - b 2 'a- vV - b 2 ' 

1 3 Substitution of a and b given by Eqs. (B.206) and (B.208 r " 
respectively, into Eqs. (B.210), (B.2I1), and (B.212) is \^ p 

6.6. The dihydrino molecule H 2 {2c' = a<>/\/2] 



(B.223) 



K e = — ^In3=- 239.058 eV, 
V 9 = = 54.42 eV. 

8^Eo<Jo 



T = 



8e* 



In 3= 1 19.53 eV, . 




B.6. i. Force balance of the dihydrino molecule 

The force balance equation for the dihydrino molecule 
\\i[2tt = <7o/>/2] is given by Eq. (B.I25) where p= 2 

h 2 



Zittoao 

f(H[^]) = -54.4e^ ? 

£ T = K ( + K p + r ; 

Ej = 1 3.6 eV( - i 6 In 3 '+ 4 + 8 In 3 ) = - 65.09 eV. 

(B.2I8) 

1 5 The bond dissociation energy, £b» is the difference between 
the total energy of the corresponding hydrino atom and £> 

£d = £ ( H [^]) - £r = - 54.4 + 65.09 eV = 10.69 eV. 
|7 (B.2I9) 



JL-2ab 2 X= ?^-X + t— 777 
m^b 2 4«* 2m<arb 2 



2ab 2 X. 



(B.224) 



which has the parametric solution given by Eq. (B.5 1 ) when 

(B.225) 



"=7 



2c' = 



a 0 . 



(B.226) 



The semimmor axis is given by Eq. (B. 129) where p = 2 



b = c= — -pa a. 
2v/2 



(B.227) 



31 



33 
35 



The semi major axis, a, is also given by Eq. (B. 127) where 37 
p = 2. The intemuclear distance, 2d, which is the distance 
between the foci is given by Eq. (B.I28) where p = 2 39 
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i The eccentricity, e, is given by Eq. (B.I 30) 
1 



e = 



72* 



(B.228) 



B.6.2. Energies of the dihydrino molecule 

The energies of the dihydrino molecule Hj[2c' = ao/>/2) 
are given by Eqs. (B.I31 )— ( 12.137) where p = 2 



-4<r 



In £±jgEg»- 271.23 eV. 



tncoVa 2 -b 2 a - Va 2 - b* 



: = 76.93 eV, 



9 8K£o y/o* -b 2 

h 2 , a + vV - o 2 



r = 



:ln- 



2m e avV - b 2 a - vV - 6* 
The energy, K m , of the magnetic force is 



(B.229) 
(B.230) 
= 135614 eV. 



The vibrational energy £,*> of the dihydrino molecule given 
by Eq. (B.I6I) is 

£ v * = 2 : (0.543) eV = 2.17 eV. (B.239) 
The amplitude of oscillation given by Eq. (B. 163) is 

2 3/2 (2 4 (570) Nm-V) ,M 

_ 4.37 x 10" 12 m 
2 

A 7. Diatomic molecular rotation 



(B.240) 



In 



£ T =K f + 7*+ K TO + 
£ T = -13.6eV ^8v/2-4\/2+^^ 
|„^|±1 -4^1 = - 126.5 eV, 



(B.23I) 

- 67.8069 eV, 

(B.232) 

(B.233) 



(B.234) 




£ (2H [^]) = - 2(54.4) eV. (B J£ 5 4: 

The bond dissociation energy, £o, « die difference 9f|g£iea ;j 
the total energy of the corresponding hydrino au 

&-*(»[?])-* 

= -108.8+ !26.5eV = 17.7eV. sL^^"(B.236) 



B.6,3. Vibration of the dih^drmBt mo/| 
9 It can be shown thai a ppfemodsSrae orbit determined 
by an inverse-squared force reSblts in simple harmonic 
1 oscillatory motion o^^$Mtf(39]. The spring constant 
k for the dftydr^moj&uie with protons given by Eq. 
(B.I 59) is **** 



A molecule with a permanent dipole momerfcan res- 
onantly absorb a photon which excites a rotati&rfanode 
about the center of mass of the molecule, 
be conserved with excitation of a rotaf 
photon carries A of angular momentunx tn 

angular momentum of the molecw , 

the rotational charge-density ftmafon is%uivalent to the 
rigid rotor problem cc^sideritfi&^krational Parameters 
of the Electron ( Angular "ifamSe^bri, Rotational Energy, 
Moment of Inertia) seH^^tt* the exception that for a 
diatomic molecule fiifcrngfttorris of masses m\ and m>, the 
moment of inertia is ^ . 

/ = /ir-\ "* (B.24I) 

where >*is th^redoced mass 

(B.242) 

i 'arkfcwherer is the distance between the centers of the atoms, 
the mternuclear distance. The rotational energy levels follow 
from Eq. (1.95) 



£n**k»«l < 



1=^(^+1), 



(B.243) 



*=2 4 570Nni =9120 NnT 



(B.237) 



wherein p = 2. The resonant vibrational frequency for the 
dihydrino molecule with protons given by Eq. (B.I 60) is 



= r >^ = ^^Z2^ = 3 .28x I0»radians/s. 



(B.238) 



where J is an integer. For Eq. (B.243), J = 0 corresponds to 
rotation about the z-axts where the intemuclear axis is along 
the y-axis, and J ^ 0 corresponds to a linear combination 
of rotations about the z- and x-axis. 

As given in the Selection Rules section, the radiation of a 
multrpole of order (I, m) carries mh units of the z component 
of angular momentum per photon of energy hw. Thus, the z 
component of the angular momentum of the corresponding 
excited rotational state is 

U^mh. (B.244) 

Thus, the selection rule for rotational transitions is 

A/«±l. (B245) 

In addition, the molecule must posses a permanent dipole 
moment. In the case of absorption of electromagnetic radi- 
ation, the molecule goes from a state with a quantum num- 
ber J to one with a quantum number of J + I . Using Eq. 
(B.243), the energy difference is 

A£ = £, + ,-£, = yM+l]. (B.246) 
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B. 7. /. Diatomic molecular rotation of hydrogen- type 
molecules 

The reduced mass of hydrogen-rype molecules, //h,. 
having two protons is given by Eq. (B.242) where 
mi =mi = m p , and m p is the mass of ihe proton 



/'Hj = 



m^rrip I 
/Hp + m p 2 



(B.247) 



The moment of inertia of hydrogen-rype molecules is given 
by substitution of the reduced mass, Eq. (B.247), for /i of 
Eq. (B.241) and substitution of trie intemuclear distance, 
two times Eq. (B.I28), for r of Eq. (B.241) 



(B.248) 



where p is an integer which corresponds to, n = l//>, the 
. fractional quantum number of the hydrogen-rype molecule. 
Using Eqs. (B.246) and (B.248). the rotational energy 
absorbed by a hydrogen-rype molecule with the transition 
from the state with the rotational quantum number J to one 
with the rotational quantum number J + I is 

A£ = £, +l -£, = ^[.7 + I] 



= p 2 [J + l]2.37x lO -21 ./. 



(B.249) 



- The energy can be expressed in terms of wavelength in 
17 angstroms (A ) using the Planck relationship, Eq. (2.65) 



l m'° hc = 838 x IQ> 
A£ p*[J + I] 



(B.250) 



Vibration increases the intemuclear distance, r of .Eq;^ 
19 (B.241), which decreases the rotalionaJ energy;- The 

rotational wavelength including vibration given in Section < 
21 B.2.3(Eq. (B. 163)) is '"I* ' 



8.43 x IP 3 



(B.25I) 



The calculated wavelength for t^>?^«3iransition of the 
hydrogen molecule H : (n = 1 ) iotWin^ibration is 8.43 x 
I0 3 A. The experimental yafi» »&f^> 10* A [44]. 

B. 7. 2. Diatomic mofehtlav rsotiiifion of hydrogen-type 
molecular ions Vv;v 

The moment'©/ mertiaof hydrogen-rype molecular ions 
is given by substfottiotf of the reduced mass, Eq. (B.247), 
for /f of Eq. (B.241) and substitution of the intemuclear 
distance, two times Eq. (B.67), for r of Eq. (B.241 ) 



/-m 2C * 



(B.252) 



where p is an integer which corresponds to, n= 1/p, the 
fractional quantum number of the hydrogen-type molecular 



ion. Using Eqs. (B.246) and (B.242), the rotational energy 
absorbed by a hydrogen-type molecular ion with the transi- 
tion from the state with the rotational quantum number J to 
one with the rotational quantum number J + I is 



m 9 2a\ 



= p'[J + l]1.89 x 10~'V. 



(B.253) 



The energy can be expressed in terms of wavelength in 
microns (Mm) using the Planck relationship, Eq. (2.65). 
. Ift6 Ac 168 

Vibration increases the intemuclear distance, 
(B.241), which decreases the rotational enerj 
tational wavelength including vibration 
B.1.3 (Eq. (B.I24)) is 



169 



urn. 




(B.255) 



The calculated wavelength fpf.J^J^=0^y trans i tion of the 
hydrogen molecular ion Hjgfc' ^ : 2go]^ncluding vibration 
is 169 um. The ex peri mental vafuetf 169 um [43]. 
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